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ABSTRACT
DYNAMIC OBSTACLE AVOIDANCE WITH A 
PROTOTYPE MOBILE ROBOT USING ACOUSTIC, 
INFRARED AND POSITION SENSING
Saner Kurbay
M.S. in Electrical and Electronics Engineering 
Supervisor: Assist. Prof. Dr. Billiir Barshan
July 1997
In this study, a small mobile robot is designed and built which employs infrared 
and acoustic sensors for detecting obstacles in the environment and a computer 
mouse for position sensing* that is installed underneath the robot. The robot 
is suitably designed for many robotics and sensing applications. The design of 
the robot and the dynamic obstacle avoidance algorithm are discussed in this 
study. The mobile robot is used in a real time dynamic obstacle avoidance 
application successfully. Linear Kalman hlter is employed in the smoothing of 
the obstacle's measured coordinates and velocities. Full autonomous operation 
is possible by updating the EPROM of the robot such that the dynamic obstacle 
avoidance algorithm is on the robot itself, not on the computer.
Keywords : Ultrasonic sensors, infrared sensors, computer mouse, mobile robot, 
dynamic obstacle avoidance, Kalman filtering, data acquisition and process-
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ÖZET
SESOTESI, KIZILBERISI VE KONUM ALGILAYICILARI 
İLE DONATILMIŞ MOBİL ROBOT İLE HAREKETLİ 
ENGELLERDEN SAKINILMASI
Saner Kurbay
Elektrik ve Elektronik Mühendisliği Bölümü Yüksek Lisans 
Tez Yöneticisi: Assist. Prof. Dr. Billur Barshan
Temmuz 1997
Bu çalışmada, sesötesi ve kızılötesi algılayıcılarını ortamdaki engelleri sezim- 
lemekte kullanan ve konum algılamak içinde altına tesbit edilmiş bir bilgisa­
yar İaresinden yararlanan bir robot tasarlanmış ve geliştirilmiştir. Robotun 
r,asarımı ve hareketli engellerden sakınma algoritması sunulmaktadır. Mo­
bil robot gerçek zamanlı bir hareketli engellerden sakınma algoritmasında 
başarılı bir şekilde kullanılmıştır. Hareketli engellerin ölçülen koordinat­
larını ve hızını düzleştirme amacı ile doğrusal bir Kalman süzgeci kul­
lanılmıştır. -Vlobil robotun EPROM’unu değiştirerek bilgisayardan bağımsız 
bir şekilde, hareketli engellerden sakınma algoritmasının robotun sadece ken­
disi tarafından çalıştırılması mümkündür.
Anahtar Kelimeler : Sesötesi algılayıcılar, kızılberisi algılayıcılar, bilgisayar 
faresi, mobil robot, hareketli engellerden sakınma, veri toplama ve işleme.
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T o  al l  w h o  love  m e
Chapter 1
IN TR O D U C TIO N
T İK ' nim of lliis sturl)/ is to build a small, mobile robol. wliicli r;m be used in 
robol.ies and sensing experiments,  and also illnstra.Ie eapabilil.ies of I Ik' robot by 
demonst ra t ing its use in dynamic obstac'le a\K)ida,nce. Weight and dimensions 
of the robot a.Ilow it l.o be transpor ted very easily to another local.ion. ba.rge 
sized robots with diirerent types of sensors aie used in tlu' sl.iidi('s ma.ile so fai- 
[ I , 2 , : r c 5 ] ,  except the miniature rol)ots like Klu'pera. (or flf'sktc'^p applical-ions 
[()]. This I'obot occupies a pla.ee somewhere between l.lx'se two l.ypc'.s. ft is nol. 
a.s small as Khepera and not a.s big as l.he other oik's. It has infran'd and 
a.f’.onstic. sensors in the current  configuration. In [d], thc'se two sensors were' 
used in a. coniignration where one comi)ensa.t(\s l lu' other \s disa.dvantage.
Acorrstic sensors are widely irseel in applical.ions sinh as path planning 
[7, (S, 9], navigation of a.irtonornoirs robots [10, II,  .d, 12, Id] arrd f)bs(.aele 
avoidance [7, 8, 14, 15, 16, 17, 18, 19]. Var'ioirs''r‘orriigrrra.tions of l.hc'se sensors 
are employed to extra.ct more information abonl. the environrm-'nl. [I, 20, 21]. 
This system has a. rota.ting hea.d where lire sensors are moirnterl, so tha t  by 
cha.nging the head a.nd locat.ion of the serrsors, diib'rerrt conirgnra.tions c*an be 
tested in the ex])eriments.
Obsta.cle a.voidance is orre of the most impor tant  j)robl('ms in the robotics 
and serrsing a.rea.. l^a.th [)lanrring a.nd ol>sta.i4(' a.voidarrce arnorrg sta.tiorra.ry
()bsl.arlc\s \s liaîullc'.d mndi more rrc4|ueiil.ly i.han dynam ir  ob.si.arle nvoiflanre 
[l·!, 15, If)]. Л voiclanrc nioi.bods in \.hc |)rr.vioni^ vvorks ran \)r r iassiП(ч| as (ч|дг 
dclor.l.ion mel.liods, rerl.ainl.y grids and polonl ial iield im'(.br)r|s.
Kdge dolori ion melbod (,rics l,o find edgos of an ol)s(.acl(\ d'Iir line ron- 
iK'rling l.wo visible edges is considered l.o repiesrnl. one of l lu' bonndnl ies оГ
l.be obslfiele. Sensor acciira.ey is irnporl.anf in Mds mel bod bnl. ;u'ons(.ir sensors 
|)resenl. many slioil.eondngs beeaiise of wifle 1к'ат widlh, ¡)or)i diierl.ionabl.y 
and speenlar  reilecl.ions [22].
In rerl.a.inly grid melJiods (or obslaele avoidanre,  onvironmenl. is rlivifb'd 
inio cells a.iul ea.eb eell is a.ssigned a. vaine sbowing l.be probabilii.y оГ an ob 
sla.r.le f.o be in MiaJ. rcdl [23], Disa.dva.nlage of Mds а.|)|)гоасЬ is (bal. il- is a. 
eompiil.a.Monally intensive task.
I\)tenMa.l Reld metbods, snggested by Kba.tib [И)], emj)loy iej)idsive foires 
(oi' obsta.rles a.nd a.ttractive Forees foi' ta.rgets, vvbif'b in rombination dete.rndnes 
(be sl.eei ing o( tbe mobile lobot.
Iii tbe im|) lementat ion o fo u r  ra.se, ol)sta.rle avoidanr('  is (.гг\а1.(ч1 as Follows:
• Qbstarb '  Détection
• I)('tec:(.ion R.esponse
Obstacle détection is mana.ged by scanidng tbe environnumt vvitb a.consl.ic 
and infra.red sensors. Acoustic sensors provide limr-of-Pifjhl (TOI·') inForma.- 
tion, wbieb is tbe t ime elapsed l)etween tbe tia.nsndssion o( l.be a.constic puise 
a.nd its réception. On tbe otber ba.nd, iiiFiared sensors pro\dd(' tbe absenre or 
|)resence oF a.n obsta.cle in tbe nea.r range.
Del.ecl.ion res|)onse is tbe res|)onse Mial. tbe rol)ot ma.k('s wben a.n obstacle is 
detecl.('d. Obsl.a-cdes are cla.ssiFied into tvvo cat(\gories accoiding to tbe diix'ction 
oF appi'oa.cb to tbe lobot. In botb cases, robot, is l'ot.al.c'd siicb I bat. il. vvill steei' 
aronnd tbe moving obsl.acle in a.n ap|)ropriate wa.y. Sonu' ir'strirtions a.ie put. 
on tbe s|)eed oF tbe ol)sta.cle and tbe a.ppioa.c'bing a.ngle oF ( lie obstacle t.o robot.
This l-hcsis is organized a.s follows: (¡haple!* 2 fI(\s('iiİK\s l.lu' hnrrlwiire d e ­
sign of (.he rohol. in del.ail. Ohapler  3 is a.honl. I.lu' sofl.vva.ri' d('sign i)ii I Ih' lohol. 
a.nd (.he soH-ware on (.he ITJ whir.h i nns (.he a.voida.nrr a.Igoi i(.hin . ('Tapi.i'r I 
|)resen(.s (.he experiinenl.a.l resnl(,s wi(.h a. disrnssion. In (lu' las(. rha.pl.r r  ron- 
cliiding rema.rks are rna.de and fnl.nre exi.ensions of (.his work arr  disr ııssi 'd/ lTe 
a.|)pendix describe (.he linear Kalman kdller ecpial.ions, serial commnnica.l.ion 
S|)ecinra,(,ion bel.ween (.he IT! and (he rohol. a.nd cod(' of IIk' sofl.w-a.K' lor hol.h 
(.he program on (,he robol; a.nd (,he P(!.
Chapter 2
HARDW ARE DESIGN
2.1 M C S-51 A rch itectu ra l O verview
' П к ' 8051 miri'or.oiilrollrr is I,hr original mcnilK'i· of (.be. M( .’S .51 microroni.rolb'i' 
iamily, and is I,lie core Гог all MCS-51 dovicos. 'ГЬс Гоа1.тг\ч оГ 1\)г 8051 с-ок' 
л.ге:
8 І)і(. (ММІ opinmizod for conl.iol a.pplirni.ions 
ІСчІ.гпяіѵс |}()oloan procossing (single l)i(. logie) enjiabilil.ií': 
f)4 Kbyi.e prograin niemory addiess spaec.
G'1 Kbyl.e dal.a memory éuldress spaee 
On eliip pi'ogram niemory 
[28 byl.es of on-eliii) dal,a RAM
52 bidiied-ional and individnally a.ddresséjble 1 /0  liiu's 
ІЛѴО IG l)i(. I.imer/ronnl.ers 
• Fnll diiplex UART
• Г)-яс)11гг.г/Г) уос1.ог in(,rrni|)l. sl.nK'l.iiir vvil.li l.wo |)i iori(.\' Irvf'ls
• On-diij) dock oscillator
The  basic- ardiitoctura.l stnicl.nrc' of l.bis (SOT)! core' is illnstratcvl in F ig ­
ure 2.1:
r.X IT'RNAI, IN I T.RRUPT.S
IN if^ n n iP T 4K OR Ilylrs FIMI'R 1
(4 )N  FRf)f. ROM RAM 1IMF-RO









l''igiire 2.1: М(уЯ-Г)1 Ardiitc'cl.iiial Осчил-ii'w.
2· 1.1 M em ory OrganizaUon in MCS-51 Devices
All М(-Я-Г)| devices have separate acldress spa.ces Гс)г |)rograin and rial.a meun- 
ОГЗС Jb-ogram ineuior}^ can only be rc'acl, but n.pl; writi.en to. d’lu'ie can be ii|) 
to (y1 Kbytes of |)rogram memory. Data, memory oc-c.n|)ies a. sc'para.te a.rldiess 
from progi'am memory. Up to 04 Kbytes of exi.ernal RAM can bc' a.ddrc'sscMl in 
tbe external da ta  memory spac'.e.
2.1.2 CPU  Tim ing
All МСЯ'Г)! mic’rocontrollers lia.ve an on-ddp  osc’illator vvliidi <-an bc' used i( 
desiic'd as tlie dock  sonre.e for the (!PU.
2 Л . З  M achine Cycles
Л marhiiu'  cycle, consists of a s(4(iirncc оГ G stnl.f's SI tluoii^li SG.
Ra.r.h state t ime lasts Гог two oscillator periods, dims,  a. machine cycle l.akes 
12 oscillator |)eriods or I //.s if the osc illai.or (Vecjnency is 12 MIlz.
2.1-4 Iiil;errup(; Sl;riic<iire
'Г1к' Я05 I ('ore |)rovicles Г) in te rn i | ) t  sonrcc's; 2 extr'i na.l intrynipl.s,  2 l.imei· in 
terrii |) ts a.nd the seiia.l |)ort in te r rupt .
2.1.5 Iiiterrupi; Enables
Isa.ch of the inl.errnpt sources can he indivirhially enahh'd or disabled by' sett ing 
or c'.leai'ing a bit in the (S|)ccia.l Idmction R.c'gister) Shd? nanuvl (Inlcniiipt 
rCnable) Il'b ddiis rc^gister also contains a global disable' bit which can be clearc'cl
1.0 (lisa.l)l(  ^ a.II inteirupts  at once.
2.1.6 Inf errup t P riorities
Fya.ch inteir iipt source can also be indivddiially piogianimed to one of two pri- 
oril.y levels by sel.ting or clearing a bit in the (Spec ial h'linH-ion R.egisl.c'i ) Sl'd?. 
named ( In ter rupt  Priority) M^ . A lc)w priority interrupt  ca.n bc' intei i ii|)tecl by 
a high |)iioiity interrupt,  but  not by another low priority intc'rnipt. A high 
priority interrupt  cannot  I>e interni | )ted lyy a.nothei' intc'ii iipt sonic'e.
2.2 R o b o t and C onfiguration  o f Sensors
'I'lie inobilf' robol. I.bal. is biiill. and used in IIk' expcrinH'iil.s is shown in r''ig·· 
urc 2.2.
' '.‘pV-Cu·:’··#?!
Piguro 2.2: Pliol.ograph of I.Ik  ^ niol>ilo robol.
2 .2 .1  P la c e m e n t o f  U ltra so n ic  an<l In frared  S en sors
Placrmrnl.  of I,hose sensors on l.lie rnrrenl. ronii,fnird.(.ion oF Mu' rohol. luvul is 
shown in h’ignre 2.3.
! 8.5 cm
?.Ocm
1.5 cm 4 cm
I'^igiire 2.3: ( ¡oniignral.ion of Sensors on tlu' Hohol Ilc'iul.
UT I <and WV 2 are l;wo nll-rasonir. l.ransniil.Fers, (IRI and 11 art' iiK.ra 
sonic. i-ec('ivers. IT- I l.lirongh VV-A a.re infrared l.i ansmil.l.n s and IH I (.hrongli 
II?.-8 aie iidVared leceivers.
2 .2 .2  M o u se
d.liere is a. nionse insFa.Iled nndei'iieal.h Flu' rohol. Fo gal.her l.lu' inlonnal.ion 
a.honl. I.he local.ion of l.he robot. Mouse is installed in such a vva.y tha.t it will 
not cause a.113^  prolilems during the inol.ion of robot, but inovf' in contact  with 
tlie surface in order to get reliable data,  d'he resolution of l.hc' mouse is of the 
order of millimeters which ca.n also be changerl by the moust' diivn· loath'd 
on the. IX!. The  softwa.re for invoking the mousy interrupt  is mc'nti(.)ned in the 
dynamic  obstacle a.voida.nce section in (!haptei· 3.
2.3 C P U  Card
8052 mir.roronlrollcr is used in l.he rnrrenl. roniignra.l.ion оГ 1-1к' rebol, wliir li ¡s 
(.lie mosi. familiar microeoni.roller of l.lu' M(-S 51 family. 'Г1и' o|)era(.iiiR s|)eed 
is dei.ermined by (.he exl,ei‘nal 12 Mflz rioc'k wdiirh niri.krs oiu' marliine eyrie I 
¡is.
M  К byl.es of exi.ernal 11ЛМ ami G'l Kbyl.c's of 1"/ГК()М ran be a.(ldr(\ssed by 
(.be roboi.. Г\)г(. 0 bi(.s aie laf.ebed wi(,b I K -878 in (nder l.o make Por(. 0 sr'i ve 
as a.mull.i|)lex('il a(ldi'ess/da(,a bus foi' arressin^ RAM and ROM.
Main building lilorks of (,bis ('iicnil.ry are:





This eiix nil.ry provides (.be necessary iidei faee for Uk' mieroronl.rolb'r (.o com 
miiniea(.e vvi(.b <an exf.ernal device, in onr ('asi' P(!, ( Iirongb RS 282 sc'iinl raim- 
nuinica(.ion poll·.
По(.1) (.be I4J and (.be mieroeoid.ioller are pro(.ee(.ed by 8N25 opi.oeonpb'rs 
in ease of overloading of a.ny of (.be (.wo side's. Tbe TXI) (8Vansmi(.) and RXI) 
(Receive) pins of (.be microcoid.roller are used for (.bis |>nrpe)se. Up (.o .88800 
band i*a(.e seria.l coininuniea(.ion is possible, bigber \'a.liie's are' no(. sii|>por(.evl 
beea.nse r>f (;be speed of (,be oscillal.or.
Signal Maintenance
Signals (.() be produced are ree]iiiied for (.be following parl.s o( (be lobol.;
• Sl.r|)|)cr МоІ.ог (Jonlrol (Я|кчч| and І)ііт'г.(,’юп)
• UII.ia.sonic dVan.smiU.or І^хч'іІаІ.іоп
• ІпГіагсчІ dVansmiU.nr 1^ /Хгі(,а(,іоіі
MÍImS o( I )^I·|. I. of l.lio miaoc'onl.rollrr nro iisf'd (or l.hnsr piii posí's. 'Го ma¡n- 
i.nin a 1лгд(' mimbor of diíroronl. signn.ls, I)il,s оГ Poi l. I піч' dc'rorlrd n.s Ж'і(ч1. 
oiii,|)iií..s, Г! bil.s as sl.robo ou( |)ti(.s, and ono bii. Гог dn(.a. d ’iirsr' :{ solfa l. bii.s лгг 
с1осо(1(ч1 Ьз' ri(!25í) docodors, genoraí.ing 8 (Іі(Гогс'пІ. signnls (Vom оно І І ( ’2Г)9. 
SiiK'O' l.horo a.rc 3 si.robo oni.pnl.s n.nd .3 II( !2bí)s, nnaxininm nnmbor o( l\\c signáis
l.o bo gonoral.orl is 2''!.
Signal a.oc|nisil,ion is ro(|nirod in огсЬ'г (.o ic'n.d somo оГ I Ік' vn.liu's оГ І.Ік' bil.s 
pi'odnrod l)3^  rbo ol.lior r.ards. І'Ъі' l.his |)iii poso Il(l2bl mnll ipbwan’ is iisf'd. ]]y  
nsing 0ПІ3' oîK' bil; оГ l.bo niirroo.onl.rollor, il. is possibb' l.o агрпііч' |,Ік' vn.Inos оГ 
8 cliiïoiinil. signais.
Stopper Motor Control (Speed niicl Пігогі.іоп)
d'bi 0 0  bil.s raro roc|nii*od for l.bo oonl.iol оГ (\a<'li ono of l.lu' sl,('pp('i· mol.ors. 
Ono bil, for ('nal)lo, ono bil. Гог diioolion, and iinall\' oiu' bil. (or olo( Іч vvliirb 
dolonninos l.bo rotai.ion s])ood оГ l.bo sl.op|)('i· nidl.ors.
Ult.rasonic Transmitter Excitation
In l.bo г.іігіч'пі. ooniignration оГ l.bo rol.ai.ing luaad оГ \.\]c robol., І.Ік'го aro l.wo 
nll.rrssonir, l.ransmiU.ors installod. 'bwo bil.s aro іочріііччі in l.bis гч)пПдіігл.І.іоп: 
ono bil. indir.ai.ing l.bo sl.arl. оГ traîismission оГ nll.rasonio ѵѵлѵо, |.lu^  оі.ік'г bil. 
for disf'.i imina.l.ing bot.woon tvvo l.ra.nsmii.l.ors. ІЧ)г oxlonsion pnrposos, l'onr bil.s 
Л.ГО rosoi'vod Гог nll.r<asonic Г.глiisinil.l.f'rs nio<aning Ibal. np l,o ((mii· l.rr'i.nsmil.lors 
Cran bc a.ddiossod in tliis сопПдпглІ.іоп.
Infrared Transmitter Excitation
(¡nrronl. coniignra.l.ion оГ l.bo robol, borad bas l'onr іпГгаічѵІ fiansmil.l.ors and 
oigld. infiraiod rocoivers. dV) a.ddross fonr diiioionl. IH l.ransmil.l.ors, l.wo bil.s 
aro rocpiirod. An a.dditional l)il. is noodori Гог l.bo ііиіігаі.іоп o( Ibo sl.arl. оГ Ibc'
ІП
(.ra.nsini.ssion. Again for nxi.rnsion pnrposrs four I)il.s nro ic'sf'rvrvl (’or sc'lori.ing 
among oiglil, ^liiroreni (.ra.nsmiUors.
' H kmo aro I.wo i-y|x's o(’signals l.o l)o n.r(|nirc'(l. 'I'lio r)nrs l)f'lonp,ing (.o l lu' \ \ l  
lor.oivors indii'al.o l.lio |)rosonr.o or a.hsriu’o o(' a.n ohjrri. in l.lu' rang(' of Mu' 11?. 
I’oooivor l)y a. I)i(. I or 0 r o s p c r l . i T l u ' .  ol.lun· signals acqniK'd ludong l.o I.Ik' 
docks  of l.hc' sl.cppcr mol.or ca.rcl and used lor comparison piir()os(''s l.o ili'(.('('l. 
if an imwanlcrl si.ep has occni rcd oi‘ nol·.
Interriipl; logic
Rxl-ernal In(;crni|)(. 0 and Rxl.ci*nal Inl.crni|)l, I aix' hardwired diifHl.ly (.o l.lu' 
onl.pni. of the logic l.ha.l, performs I,Ik' mnll.iph'xing opcial ion (oi· l.lu' nli.rasonic 
ix'cci vers.
Ma.xinnim nnmhcr of idfra.sonic rcc'civcis is cighl. I)iil. oidy Ivvo of l.hcm a.rc 
used. I'\)iir of l.licm a.rc ANDcd a.nd used a.s an in|)iil. I.o l·'/XÍ.í'rna.l Inicrrnpl, 0 
pin of Ihc mic-.ioconi.rollcr where (.he leinaining (oiir ai(' AN Devi aiul nsevl as 
an inpni. 1.0 I'hxl.erna.l Inl.erni|)l. I |)in of (.he mi(d-ocon(.roll(T.
l·;x(,erna.l In(.erni|)(.s are ree|ues(.ed on (.he (ailing evige's of ( he on(.|)ii( signals 
of (.he receiver circni(.iy indicai.ing (.ha(. a c(T(.ain l.hie'shold va.IiK' is excewh'd 
in (.he leceived waveform.
R eset C ircu itry
' rhis  small sized cir(*ni(.i\y provides (,he necessary !('se(. signal (oi· ( he microcon- 
(.roller al. s(,a.r(.iip.
2.4 U ltra so n ic  T ran sm itter , IR T ran sm itter  
and R eceiver  and Pow er C ircu itry  Card
2 .4 .1  P ow er M ainl^enance
I i^nocU' rrgnlai.oi.s arc' usc'cl Гог powc'r mnnngf'inc'nl.. l/mc' vollngc' is iirsl. rc'cl.i 
iic'.cl niicl iTgiilal.c'cl by a 7812 linc'ar voll.agc' ic'giilal.oi· |.o oblain | 12 V. 21iis 
rc'gulal.c'd I I2 V supply is nsc'.cl ля л.п inpiil. I.о л. 7805 Ппглг volí.agf' rc^giib'vl.or
l,o ol)(4TÍn -|-5 V.
То obl.a.in —Г) V, line:; volLagc? is half vvava' rrrl.iíic'd and rc'gidal.c'íl hy a.
■ 7í)05 nc'gaí.ivo voltage rc'gnlator. líxrc'pi, l.he sl.c'|>p('r mol.or driven· rard,  whicT 
procliic-,('s its own powc'.r, all the remaining powei· г(чрмг(ч| Гог thr' оМк'г c'ards 
are d is ti ibntrv l from this power edrenitry. Although switching regnlators are 
more etrieient than linear volta.ge iT'gnlal.ors, Гог oiir purpose, linear legnla.tois 
a.re more. a|)|)ro|iria.te a.nd ea.sy l.o ha.ndle than swil.ehing rc'giila.I.ors.
2 .4 .2  U ltra so n ic  Tr a n s m  i t <; e i' s
l^a.nasonie nltra.sonic tra.nsmiti.ers ha.ve a. resona.nt Ггесрк'пеу’ o( dO kllz Гог the 
a))propria.te transmission of the nltra.sonie wave into air. 'Го obl.a.in a. -10 kllz 
sepia,re wa.ve, d MIIz erysta.l oseillator Пе'срк'пеу js divielc'd by I 00 with the' hc'lp 
of two ca.se:a,de eonnee:teel 7T)0 e:onnters.
Л t ime window is im|)lemented to obta.in If) periocls of Ihc' lO kllz se(iia.re 
wa.ve. This t ime window is p]-o(lue:eel by 7dl23 monosta.bic' whic h triggers the 
7T)0 e:.onliters.
ddie width of the t ime window ean be acljnsted by a. rc'sistoi· if a largei' 
va.Ine is recpiirc'd. Tlie larger the t ime window, tin' moic' the' c'lu'igy of the' 
signal thus the la.iger the ma.xinmm la.ngc' of c)pc'ia.tic)n. Ilowc'vc'r this e*a.nses 
the signa.l volta.ge levels to saturate moie easily at small range's. One' o( the' 
two transmitte' is  is selc'cd.ed by a. bit generatc'd by the' miciorcintrollc'r. 'Г1к'
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l'igi.ire 2/\: l Ml.i nsonir ( i nnsmil.l.rr l.iming
iran.smiU('i-s nro di-ivri) by a Π(!2·Ί7 I raiisisi.or vvlii('li piillr: І Іи' \ч)ІІ.адг level 
from -1-5 V U) -112 V.
2 .4 .3  In frared  7.Yansmi(;ters and R ece iv ers
І4)ііг infrared (,i’ansmi(;(-or.s can be ПічѵІ in n.ny dr'siiï'd ord('r by I,lie micnocon- 
Lroller l)y frllocal.ing Iwo 1)іі.я for l.lii.s |)iii |)()S(\ InfrarefI ( гапятіМг'гя г(ѵ|піге l.o 
be driven hy liigb current valno'.s (.o obl.ain bel.I.c'r in.ng(' nnd prevision, d'liis 
cnrrenl. valium is set l.o 700 т Л  wliicli is яііррііечі by I.Ik' | 12 V supply. In oielei’ 
noi. 1.0 ovei'load l.lie 7812 linear voll.age regnlal.or, Ілѵо of l.lxnn me  connecl.ed 
in parallel l.o share l.he loa.d.
The' ѵѵаѵеГогш received by l.he іиГгліехІ іесеТч'гя are ampliiie'el by blM.T2'1 
ореічаі.іопаі amplifiers which are (Ч)пііесІ,ее| in l.he inverl.ing e4)níignraí.ion vvil.h 
a. very high ga.in fa.cl.or. The oiil.pni.s o{ l.hese' e)|)era.l.ional a.mpliiie'rs are logic* 
I if a.n ol)jecl. is in l.lie range, and a. logic 0 if nolhing is с'п(ч)пп1ч'ічч|. Onl piil.s 
of l.he operal.iona.l amplifiers are ANi)ed wifh l.he infrarc'd l.iansmil.l.e'r seh'cfor 
bil.s in order l.o gua.ra.nl.ee l.ha.I. l.he response of l.he' recc'iver is geuu'ra.l.ed as a. 
resnil. of l.he excil.a.I.ion of l.he (4)ιί4'4·.Ι. I.ransmille'r. Twe) diife'ienl. signals aie 
а(Ч|ііііч'(І by l.he microconl.roller l.o еТеск l.he infra.ic'd i eee'ive'i's sl.al.iis.
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2.5 U ltra so n ic  R eceiver  Card
Tlin vvavi'-forni oblaiiu'd by lUr. iiK.rasonir vcrc'wcv,^ nif' nin|)liCkmI, (ill.f'iivl nnd 
coinpaixxl vvil.li a cc'ri.iiin ilircsIioM \cvc\ l,o /rriK'rnl.r' a. siL?;iinl lor l.lu' mirrr)roii 
I,roller 1.0 nie.rasnre i,he raiiRe. This rii'niil.rv ronsisl.s of Mk' (nllowiiiR hlorks:
• ainpliiic'i· si.age 
.· iill.t'r sl.n.ge
• eompn.i’al.or sl.n.ge
2*5.1 A m p lifier  S ta g e
'riiis еіі’еіііі.і'у eonsisl.s оГ very familiar non invorl.iiig o|)('rnl.ionnl nmpliíieis. 
The operafional ampliíiers are Tly()82I· whieh have lovv iioisc' niid fnsl. response 
eharafd.ei-isl.ies vvhen eonipaií'.d vvil.h ol.her ordinary operniionnl nm|)liíiers. I ' Ik' 
recídv'C'd waveform is am|)liíied Г) Limes in Lhe íirsi. орсчлі/юіші аіпрІіПс'г n.nd 
Lhen Th Limes in Lhe seeond o|)eraLional am|)liíier cirenil ry. /\fLer Lhnl., IIk' nin 
pliíied .^ignal is p<asscd Lhrougli a |)arall('l sLagt' oí iinanl.ing n.nd non invcnl.ing 
a.mpliíiers. OnL|)nLs of Lhe. inveríing n.nd non-invei Ling amplifirns п.іч'. simmK'd
1.0 obLain Lhe waveform Lhal. is ready for íill.('ring n.nd envelope flc'l.ív Lion. Лр- 
proximn.Le gain in Lhis si.age is 5.
2 .5 .2  F ilte r  S ta g e
IbiLLerwoi’l.h iilLcrs n.re nserl Lo bn.ndpn.ss Lhe. rer.(dvorl signn.l wdiirh is nar row­
band n.ronnd 1^0 kllz. Two sl.ages of Lhirdordei'  niiLL('rworlh iill.ers пк' em- 
ployed. I'drsL sl.age has a cnL-oiI’ fre(|iieney slighLiy huger Lhn.n T) kllz, nnd 
Lhe seeond sLage has a гп1.-о1Г fri'.cpK'iH'v slighLiy h\ss Lhan K) kllz. V\du'n Llu'y 
are employed one. n.fLei' anoLhc'r Lhe resniLing iill.er is bandpass n.ronnd Т) kllz. 
Envelo|)e of Lhe received signal is obLn.ined afler Lho iill.ning r)|M4 n.Lion wdiieh 
will b(' nsecl for l.hreshold comparison in l.hc' comparnLor slngic
M
2,5.3 Coiiiparal or S(age
Т1)Г' г('яи||.1пд я’|дпа1 is гч)т|)л.гсч| vvil.li l.lu' l.lirf'.slioM vnliif' by I.Ik' vnriabl·' 
rnsisl.or. IГ I.lio ат|)И1,1к1о oí l.lio signal is grc'al.or i.linn l.lu' Mirc'slioM, signn.l 
go(\s from high 1.0 low wliirli r;i,ns('s ( lu'. mic roronl.i'olU'i· (.o ох('гп1(' l.lu' c'xl.r'i n<il 
in(.('rni|)l. roni ino. This iiil,omi|)l, roiil.ino will load Mu' vahu' of ;i coiml.i'i· which 
is ('iial)lofl a(. I.Ik' s(.;ir(, o( l.lu' (.ransmission oí (hr  wavr'h))m mid l.hns m;il\i' l.hr' 
microconl.iollor moasiiic' I,ho rango.
'Г1)(' I hi'osholíl mnsl. Ьс» sol, such (.haí, il. mnsl. 1н' Im go rmongh I.о lojr'r-l, luiisf' 
bill, small onongh I,о dol.ocl. I.ho signal. ЛП.ог oxpcninKml.nJ Irin.ls, Ibis х'аЬк' 
is s(d,. 1,0 0.7 V. d'ho hardwaro oonl.ains Гонг ol I.Jiosi  ^ ciiciiil rios l.lins making il. 
possibh' j.c) inoasnro (onr difioronl- disl.aiu'c's. ( 'iirronl. coniignrn.l.ii>n of I.ho robol. 
has l.wo oí I.horn in opoi’al-ion oidy. Also, two of thoso cmris can hr' cr)nnc'c|.r'd on 
tlu' ir)bot whioh ma.kr's a maxiiniim of oighi, difforc'iit rr'cr'i\ r'i vabu's im'asiiring 
rango.
2.6 S tep p er  M otor D river Card
This oai'rl is nsorl for tho control of tho l.lirt'C' str'ppor motors, two o( tlu'in arr' 
nsod lor tho. ma.na.gomont of tho mobility oí tlu' robot and tlu' rc'inaining onr' 
is nsr'rl for th(' rotation of tho robot’s luxacl. d1iis hardwa.rr' ronsists o( th(' 
follrjwing blocks:
• IV)Wor Maintona.noo
• Stoi)|)or Motor Logic and Driver
2 .6 .1  Powoir M a in ten a n ce
'Пи' ,s(.f'|)|K4· mol.ors l.lial, me  u.sf'fl for moviiifr (,|ir roliof i4v| mÍk ' loo miicb power 
wliicli en.imol. be .siipplierl i>y (.lie powf'r rirriiifry ineiifioiu'd previoii.'ily. 'I 1и'Г('
in
ai(" Мпчч'. sl.rppor mof.ors consııming 'i Л l.oliil. 'I'vvo of 1 İK'in ;ич' iisîvI (nr moviııg 
l.hc robol. aiKİ Ilın ol.lınr onn Гог I.Ik' rol.ai.ioıı оГ lif'.ad. 11ın г('Дм1а1.о1 nsral Гог 
l.lıis |)ur|)osn is LM.T2'? wbirb c-aıı (U'livc'.r ııp (o d Л al. 5 \/. 'Tvvo оГ Ilının пк' 
IISC4İ in parallnl l,o dnnrnasn ov('rload on onn оГ I.Ikmii. bf'/nı|;ıl.or is Г(ч| by l,|u' 
(nll wavn rnn.rirind linn voli.л.дп.
2.6.2 S lopper M(>l;or Logic and Drivcr
ЯГч'ррпг nıol.ors rn(|niın 1,0 bn nxril,nd by л. гпг1.л.1п sncpKaırn o( vv\'wn|orms io 
го1.л.1,п norrnnUy in Um dnsiınd flirnri.ion лис! sp.c'nd. d'lu' loyjr r-onsisls o( ilip 
ilops л.1к1 ol.lınr г,от1)1пл.1.ог1л.1 дл.Гс'я. d1ın spnc'.d оГ rol;rl.ion is (ч1.1к'г rb'l.r'rmiiK'd 
by I.İK^ mir,ro('onl,i’ol!(‘.r iT Uın. osnilbrl.oı· ЬМЬЬГ) is nol. поткч1,(чЬ Л1и1 df'l,(a ıııiiK4İ 
by ir il. is nonnnnl,(4İ. !ч)г поп.я1.л.п1. spraal л.ppΓn·л.l.ions, bM. ı^bf) r.n.n bf'
nsc'd bul. Гог ул.1лл.1)1п s|)(md л.ррПсл.иоп.ч, minroronl rolb'r inU'i bı.ci' is ггчрмкчЬ 
Tlın drivnrs Л.ГП HD I3Î) lıiglı ('nrrnni. I.ı^nısisl.or л.Ilıpliíica■s (or Uk' c' n^İ|,лl.ifnı оГ 
Uın Sİ.C'ppnr nıol.ors. TllI’nn (4)|)ins оГ I.İK' .ЯЛИК' rirrnil.ry ('Xİsl. on n u r  ГЛ1ч|. 'rilis 
Ьл.гсЬуагп maınagns ilin conl.rol on sl.n|)|)nr mol.c)rs vvil.lı Uk' ludp оГ l lıc' .яоИлулгп 




3.1 R o b o t’s Softw are
>■(
8051 (Vijiiily iini:r()r(;)]il,rollcM'.s ca.n culdirss up i.o ()/| Khyl.cs of piop;iam memory. 
'Tills r.oiiiignial.ion of llic i’ol)ol h<as a 6^1 Kliyl.o lOPHOM of whirli only 10 
Khyl.os is used, meaning l.lial. code can lu' a.dcled (.o l.('s(. spra iiic a.IgoiiMims.
'Tools used while implemenling l.he so(i.vva.ir'.:
• (¡51, A5I compilers a.iid L5I linki'r from KI'/IL hderfronics
• 8051 fainily emnla.f.or from NOIIAU ( ¡orporal.ion
Pa.i’l. of I,he soffwa.re (Jia.f performs I,he serial infin riipl. is wril.lrm in assem 
hleiy while ihe remaining jiarf. is wi'ifl.en in (! progiamming la.ngnag(' and Tmk(vl 
|.()g('l.lier foi* file RIVROM. During I.Ik' imph'inenl.alion |)lia.s(' of I.Ik' sofl.ware, 
main building blocks of ihe sofiwa.re a,re impleme.nied one a.I. a. I.inu' a.inl iesi.ed 
using ihe 8051 emnlaior .  VViih ihe hel[) of (.he onliiu^ rh'biigging capa.bili(.i(\s 
of ihe emnla.I.or, sofiwa.re is iesi.ed on (Jie rea.l sysiem. Afl.('r com|)le(,ing and 
iesi.ing (.he ina.in building blocks of ihe sofl.wa.re, l.hes(' block’s a.r(' inl.t'gral.t'd 
iogeiher aiul (.he iniera.ciion bel.ween (.he main biiihling blocks are (.('sl.ial.
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'Hie. main building l>locks of I,bo. soflvvaro aio ns Follows:
• S(M'ial ( loinmunical.ion Unit
• S(.op|)or MoFor Kxdl.al.ion Unit
• Data  Ar(|uisition Unit
• Ibn.rnniot('i· Updn.to Unit
• Intorni |)t  Ilandlors
3.1.1 Serial  Commuiiica(; ion U n it
'This softwai'o enaldos iJio robot l.o rommnni('al.o wil.li nn oxtoinnl doviro 
through RS2'52 ii|) to 38^00 Baud wliidi is tho r i inont  vnliu' oF this ooniig- 
uration.  Message Format botwoon tho P(! and tho robot and l.li('ir i'ontonl.s aro 
spociilod in tho Appendix.
d'ho logic oF the serial communica.tion is tha.t tho robol, doc's no(. send any 
message unless a. request is made From the B(!. IF a. recjiu'st is made' by the' P(h 
then the robot responds to the request as soon as |)ossible. IV'rioelieally the 
P(J sends a. sta.tus request messa.ge to the robot a.nel reepie'sts its stai ns. There 
are thrc'o possibilities For the I'oply to this message:
1. (.here exists a messa.ge to be sent
2. no message to l)e sent
3. error in the received messa.ge.
Serial interface in te rrup t  and message exchange with the PC!
Ma.ximum i.ime For a. messa.ge to l)o sent and received is 230 ms. S('iia.l tim('r 
used For this purpose is mana.ged by t imer internipts.  I?obnl. dcu's not sc'iid 
and receive messa.ges a.t l.he sa.me time. Serial communira,(.ir>n routine is an
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(S-.sI.ain înadiine wlierc Üio slal.r. I.ran.sil.ion is ma.cir. агс'окПпд l,o f.b(' ili;v^iam 
in Figiii e 3 . 1.
I''igiire 3.1: Sorial Comimmiral ion Sl.aI.n l)i;igr;vm.
■I
Si;al;e 0: In Ibis sl,al.c, l.lic robol. wail.s foi’ I.Ik' iirsl. I>y(.c' o( llif' inrssngf^. 
from llie œni.iollcr. Wlien a i.s leccivrvK Uir cimi'iil. slnl.o is sl.ai.o I ;vikI 
l.ha serial l.imer is sl.ailed.
Sl'.al’.e I: Ilobot. wail.s Гог l.he scronfl byl-c' оГ 1,1к' nw'ssagí'. !Г n\\r hyl.o 
message is reeeived, si,ale is ma.de slale 3. If seiia.I linuM- ('xpiií's or Icmgll) ol 
llie message is grealer  Iban 260, sla.le is ebanger] lo slal.(' 2.
Sta(;e 2: fn Ibis s lale,  all Ibe messag('s exeepl slaliis rerpK'sl aie diseardcxl. 
VVlien slaliis reqnesl is deleeled,  s lale is f'ba.nged lo sla.le 6.
If)
Si.ai.e 3: Me.ss<ag(  ^ is rcceivrrl in l.liis slnl.r l)y monil.oring l.lu' Irngl.li oT I.Ih' 
niossngo. If d ircksum is rorrrcl. I.lirn l.lio sl.nl.r is srI, l.o sl n.lf^  7, rls(' i(’rlu'rksiiîii 
is iK)(. rori'ccl., Llicn I,he slal.o is diongrd l.o sl.nl.c' 2.
Sl;af,e 4: In this sl.a.I.e, inossagn scMiding is slnrlr'd niid low hyl.o o( l.lu' 
iriossa.gr. longl.h is soul, which makes l.ho sla.to 5.
Si;a(.e 5: Roina.ining |)a.rl. of (.ho mc'ssa.go is sf'iil· in ( his sl.ai.r. ACl.f'i- sisiding 
du'C-ksiim, si.a.lo is dia.ngod to state 0.
Sta te  6: This sl.a.to is rola.tc'cl to sending the i'(\s|)onse j.o sl.a.tiis r(X(ii(\st 
messa.ge. In(.erni|)(. routine does not work in (.Ids s tat ( \  \.(\\ i(. is rlisahh'd.
St.alie 7: In this sta.tc, the ¡i)t('rrii|)l. roiil.iiu' is again nol. opf'ia.ting. In- 
st(\'uh main progra.m |)repa.ro^ s the res|K)iise (.r) the received message' anrl the 
state' is dia.ngeel to state T
Stejiper Motor  Excitat ion Unit
Si.epper motoi* excitation |)ix)e:eelnres mana.ge the mohilil.y of the' leiheit anei the' 
reita.tion of the he'a.el in the desireel mannei\ 'The moveme'iii.s that  l.lu' rohe)!. e*a.n 
make a.re c.Iassiiie'el as I'ollerws: <
feirwarel/ha.ckward tra.nsla.tie)ii
doe:kvvise/coiinterde)ckwise rotal.ion aroimel eine wlie'd in heith eliie'ed ierns 
• e’.lockwise/e'.oimtciclockwise rota(.ie)n areiimel e-.e'nte'r
• (













l''iguro .‘C2: ( ilas.siflcal.ion of rohof’s movc'mnils.
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The hype of motion is recpiesl-ecl hy l,lu' IT! |.luoii/»Ji I.|k' iiu'ss;p?/'s rc'hil.fvl (.o 
the eonl.rol of the motors whirl) also indirntr'  l.hr dislmiri'  to Ih' Í.i;i\ídeíl. 'Tlu' 
robot travels a. dista,nco a.rr.ordiiig lo the vadoc'ity I iniíM n rV('s in h'i/niK'
Vi'Ii'fiiv
Allcrnnlivc-1
h^ignie "5.3: Ycdority time'r.iii \'('s.
If the distance to be tra.veled by the robot is greater  (.han some sporiíiívl 
l imil , I,hen al(,('nia.(.ive 1 is used, else aJl.erna.l ive 2 is used. Din ing opera.I.ion, (.he 
(.ime va.riables /r/,, /c can be a.djnsted from (,he IT! by a. downloa.d nu'ssa.ge. 
in ca.se of a.l(.erna,(/ive I, cons(.an(. a.c('e|ei'a(.ion and r|f'C(d('ia.(.!f)ii i.s implnn('ii(.('d 
to minimiz.e sli|)|)a.ge dni'ing accelei'alaon a.nd fh'rcT'ial.ion phase's a.iul a.Iso m i n ­
imize the error ca.nsed by (,he step|>er mol.ors. 'This a.rea'h'ral ion eonsl aid. f'an 
1)0 changed |.o a.chieve the sa.nie s|)eed in a shoiler  lime'. If (,he dis(.anre (,o 
1)0 tra.veled is smaller (.han a specified linii(., al(.('i iia.(.iv(' 2, which is a. cons(,an(. 
speed approach,  is employed l)y the mic’roconl.i'olh'r.
VollMgc Vnlliigc
clock for allcrnalivc-1 cl(K‘k Ini allci nalivc 2
Mine
rdgnre ·]/[: Clocks re(|iiir('d foi' the' ve'locil.ie's.
The' sa.me ielea. is em|)loyeel ie)r (.he' e-e)n(.iol e)( (.he' re)(.a(.i()ii e)i (.Ik' he'a.el 
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l' i^guro 3.5: Ilna/I ml.al.ion.
sUq)per mo(<ors iised in moxn’ng (.ho rohol, and roi.ai.iiig \.hc hoa.d lia.vo 
a. ridl -.s(,o|:) r('solul.ion оГ 1.8^/s(.( |^). This moa.n.s (.liai. I.lu' lu'a.d of l.ho rol)o(. ra.n 
1)0 in one оГ 200 diiroroni; posil/ions wil.li Uii.s rosolnl ion. Siii(4' l.ho boa.mwidi.li 
оГ iill.ia.sonic son.sors is broad, Uio sizo of l.ho si.('p aiigh' is siiiiioionl,. 1ч)г 
applica.l.ions (dial, госцнго onl}  ^ infraiod son.sor da.l.a, a gc'a.rhox ran ho iiisI.aJIod
1,0 rodnoo l.ho я(,ор anglo if ro.(|iiirofl.
Whoii l.horo is a ror|uos(, rnado l.ho 141 r.onooi iiing ( ho rial.a, l.his rocpK'.sl, 
is s(,am|)od I)}' (,he doisiiod Iioad |)Osi(.ion. Pari, of l.ho sofl.warr' d(4'id(\s l.ho vva.y 
liow (,his rol.ai.ion is porfor incd. T h e  cri(,orioii is (,o iij)fla.(.o l.hc' lu'a.d |)osi(.ion in 
m in im u m  (;imo wif.lionl, rolling (,lie câblons conno^l.od l.o ( ho sonsors insi.a.llod on 
l.ho lioa.d of (.lie roboi, by .no(, mak ing  т о г о  l.lian ono (.oiir vvil.h lospod. (,o (.ho 
sl.a.rl.ing posil.ion of (,lie hoa.d.
Diii'ing mol.ion, (die robot, ca.n roi.aie il.s hoa.d and a.f'cpiiif' dal.a. (rom il.s 
a.oonsl.ic and infra.rcd sonsors by |)orforming a small mnll.ilasldng oporalion.
2.3
3.1 .2  D a t a  A c q u is i t io n  U n i t
As  menlioncxl before, acquired da ta  is eillier idl.rasonic, infiarefl or l)o(.b. d'his 
means llial; PC can request da ta  ar(]uisition in one of tbrc'c ways:
• Onl y u I treason ic
• Only infrared
·'(
• liotli ult.rasonic a.nd infrared
Since it tfikes much longer time to get a response fiom idtrasonic sensors 
because of the speed of sound, for flexibility pur[)oses, a disci imination of tJiis 
type is ma.de for da ta  maintena.nce l)y the P(!. When tlu' V('  lerjuests iiltra.- 
sonic fla.ta, microcontroller of the robot first fires Π Τ - f anrl lY'rorrls the values 
returned from UR-1 and UH.-2, after tliat, the same process is repeated for 
UT-2. When PC requests iufra.red data,  microcontroller fires Id’-1 and records 
the value's from lR-1 and IR-2. It repea.ts the sa.me procedure sequentially for 
lT-2, [R 3 and IR-4, for ΓΓ-3, IR.-5 and IR 6, for ΓΙ’- 1, IR-7 and IR-8. ddie 
configura.tion of the sensors are shown in Figure 2.3.
Distance Measurement:  Timer 0 is used for tiinr.-nf-Jlifjhl measurement 
which ha.s a resolution of 1 /i.s, d’his corresponds to a elistance resolution of 
0.172 mm when the speed of sound is taken a.s c — 3T3.2 m/s.  Pecause of 
the resf)onse time a.iid dela.ys in the hardware,  after expei imenl al I rials, range 
resolution is found to be in the order of millimeters.
ddie procedure for measuring tlie distairce of an obsta.cle in the range of the 
ultra-sonic sensors is a.s follows: ddmer 0 va.lue is set to a default va.lue at the 
s ta r t  of the pulse tra.nsmissiou. When the received signal excc'crls some fixed 
thresliold, external interru|) t routines are executed where this timer value is 
rea.d ami stored in varial)les tha t  are. to be sent to l.he At this point, f'xterna.l 
interrupt's have higher prioriky than any of the other inirurupts. Maximum 
operat ing range of the system can be a.djiisted by changing the default va.lue 
tliat is a.ssigned to d' imer 0 initially. For exam|)le, if the experimenter  does 
not want  to deal with objects tha t  ha.ve a distance more than some specific
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vaJue, (s)hc mu.sl, downloa.d ilin.l; pa.i frmoi.er (Voi'n (,hr IV! iK'Coi r  hr^iiining I;Ik'. 
experiinenl.. This approa.ch sa.vrs l.imr in rolhv'iing data.
If innrli more resolution is recinirefl, the rlork rate of the miriorontrol ler  
can he increased to ^0 MIlz. There ar(' some special 805 Is which can o|)erate 
a.t this speed. TIris higher ra.te clock makes it compulsory to update some of 
the parameters  of the software in the cnrrenl. coniignration.
When the i.iltra.sonic da ta  acquisition is coiliplete, iol)r)t stanips the da ta  
with the head position where the da ta  is colhx'l.ed and scmkIs the. messa.ge to 
the IVJ. If no object  is encount('red in range, then zx'io is .returned for these 
data. |)ositions.
Infrared Data  Acquisition
Since ultrasonic sensors ha.ve hroa.d hea.inwiflth, it is nol. possible to dis- 
crimina.te small discojitinuities in the detected bbsta.cl,(\ Infrarral transmil.ters 
tha t  are in current  use ha.ve very narrow iH'.amwidth so thc'y compensate this 
shortcoming of ultrasonic sensors. Using ultrasonic and infrared sensors in a. 
complementary  fa.shion has found wide a.p|>rl· ’ ■ ns in pievious studies [5]. As 
it can be seeji in Figure 2.3, infrared sensors are aligned on the head of the 
robot. With the help of the configuration of l.he infra.red sensors on the robot, 
an, object passing in front of the robot (’an l)e detected easily wil.h the direc­
tion of travel in the near range. dTe |)erception range of l.he infrared sensor 
combination is a.pproximately 25 cm. In the far range, inlra.KvI sensors ca.iinot 
be used. Instead, ultrasonic sensors a.re employed.
Data returned from infrared sensors is a. 1 or 0 indica.f.ing the presence or 
the absence of an object  respectively. 'This da.ta. is again stainperl by the head 
position before being sent to the PC.
P a ram e te r  Update  Unit
7'his is the |)art of the softwaie tha t  controls the parameters  which a.ifect l.he 
norma.l operat ion of the robot. During normal operation of tiu' robot, any 
combination of these parameters  can be (hanged by I.Ik' downloa.d nu'ssage
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fforn the VC.
The aiFcd-ed parts  can be snmmarizi 'd ns follows:
• Acceleration, deceleration and final s|)0(4l of the robol. and its hea.d
• Ultrasonic sensor range
• Infrared sensor wait l.iine
Tn te r rup i ;  l l a u d l e r s
E x t e r n a l  0 a n d  1 i n t e r r u p t s :  These int('rni|)ts ai(' nsc'd for distance mea.- 
surement as rnentioned previously. Their ty()e is roniigmed as high-todow 
triggered of the external pin belonging to Uiem. Din ing Iimr-nf-JUfjli/. (ТС)!·') 
measurement,  this interrupt  routine cannot  be interi upt('(I l>y any otlu'r in te r ­
rupt  request because of its liigh priority.
T i m e r  0 i n t e r r u p t :  Since timer 0 is used for ol)taining 'ГОР infonnal.ion, 
t imer 0 interrupt  is used for ma.ximum range ch'trv tion. If t imer 0 intei 'nipt 
is requested,  this means tha t  at least one of the ultrasonic recx'iveis flid not 
receive anything for l.he sf)eciRed t ime tha t  is sod. by the (hdault value assigned 
to t imer 0.
T i m e r  1 i n t e r r u p t :  'Pimer I is used as a general |)iirpos(' t imer whiHi has 
a resolution of 5 ms. Serial timer is incremented I)y this in t en n p t  i-onl inc. d'he 
clock signals required for the excita.tion of ( hi' sl,ep|)er mol.ois ai(' gi'ueral.f'd by 
this inter rupt  routine also, if the t ime for ('hanging (.he cloc к signal bc'longing (.o 
a s tepper motor has expired, then a bi(, (ype va.ria.bh' is s('(.. Par(. of ( he sof(.ware 
tha t  exci(.es the step])er motors recognizes (.his bit being s('(. and performs (.he 
cha.nge on the clock signa.l of the s(.epper mo(.or r('sul(,ing a i('S('(. of (.lu' bi(. (ype 
varia.l)le which is set by the (.imer interru|)(..
2Г)
Serial In te r rup t  Routine
Tills interni|)i. routine is tlie onl}' pn.rt of (.he. sofl.wnre Min.l. is vvriden in ns- 
seinl)ler la.ngna.ge l)eca.nse of speed reipiiii'inenl.s. l·/X('(·ııl.¡on sl,a.l.(' diagiain 
was given |)revionsl3' in I'dgnre 3.1. 'I'his rontihe pix'pa.ii's l.lu' message pa.rkel, 
coming from tlie P(! coller.I.ing (.lie h -^I.es a.ccording Uie sl.al.c' l.ransi(ion 
diagra.m a.nd ma.kes i(, rea.d^  ^ for in(.erpre(.a(.ion l)\' (.In' Pi k d’his i()ii(.ine execn(.('s 
a.cc.oi’ding (.o (.he state tra.nsi(.ion given in Pignn'  3.1 aiul si'iids (.In' parked, (o (.Ik' 
P(! l)3d.e b^d.e. For (,his purpose, a. hniier s(.iii('(.ii]C' is iisevl. 3 ’Ik' messages 
are biiffereel on a large enough l)niFei· (.o s(.ore 20 message's a(. ( he' same (.ime. 
]]y ( his approach,  the speed ol commnnie'a.tie)n is no(. aiir'ed.e'el ne'ga(.ive'l '^ il ela(.a. 
a.cqnisitie)ii is fast then seneling the ela.ta. (.e) (,he P(d. Id)!· (he' assf'mhle'r rode, 
(,he rea.eler con refer (.e) (.he Appendix.
3.2 Softw are on th e  P C
.SoH.ware on l.lie PCj ia iin|)Icmenl.c(l using 'I'niho (i f I progiamming langnago. 
'I'his sofl.vvfaio consi,s(.s of flui foilowing snhnnil,?!:
• Serial (lommnnical.ion Unil,
• l)a.l,a. Acquisition Unit
• fhnea.i' Kalina.n Filter Unit
• I)yna.inic (Jollision Avoirlance Algorilhiri
3.2.1 Seria l  C om m uriica l io i i  Uiiil;
'Dvis unit ma.intain.s sa.fe conimnnication l)etween (.he P(i and tiu' lohot , im ­
plements error recoveiy, message rlecoding, ainl message' prepara.I.ion. l''or (his 
|)nrpo.se, the PC operates according (.o (he s(.a(.e transi(.ion diagram shown in 
Figure I .
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Л(. а. pcM'ioilic rain оГ every 200 ms, Ihe !?( ! rnqnr.sl.s l.br sial.iis of Mic robot 
by sending a. s tatus request message l.o the (4!. If the rol)ot has a. message to 
be sent to the PC, then tlie PC sends a. permission message immedia.t(dy to i.he 
robot  to receive the message. For this purpose, Й t imer vvil h 2 ms resolul.ion ha.s 
been implemented by programming the 825/| Programma.bh'  Interval ' П т е г  on 
the P(!. Normally, Turbo C-t-+ uses the system timer for tinu' measurements 
whic h has a resolution of 20 ms. This value is not apiucvp? i;rte for our use, so 
at every 2 ms elapsed, an interrupt  i)roreclnre is executed whicJi increments a 
counter.
3.2 .2  D a l a  A cq i i i s i t ion  Uriil
T h i s  unit ma.inly dea.ls with obsta.cle detection a.nd tra.cking c)f the obstarle  
by rota.ting the hea.d of tlie robot in an appropria.te inaimer. At every 18  ^
beginning from —-15^  to relativo to the roboFs axis, robot searches the
environment for the detecl.ion of an obstarle. f'Invironmcmt is sampled by the 
help of the ultrasonic a.nd infrared sensors. llll.rasonir sensors ha.ve a half- 
beamvvidth of 20^, this muc'h sa.ínpling in angular direction is snííicicuit. Wif.h 
this large beamwidth,  it takc\s approximately 1.5 s to tal<e a fnll sean of the 
pa.rt of the enviroimient that  is critica.l foi* our purpose. IT is  arígular íesoliition 
ca.n l)e a.cljusted by changing sorne pa.ra,mei,ers in (.he software veny easily.
VVhen a.n obsta.cle is deted.ed,  the reátalang heael of (.|)c' lobol, ti a.cks the ob­
s tad o  for da ta  aequisition. dliis action is maDaged by I he hedp of (.he dista.nces 
measured by the ultrasonic sensors. If (.he left sensoi· measnres a dis(.a.nce 
sma.ller (.han the right sensor, thcMi this means obsta.cle' is on (.he left wi(h re- 
spect to th(' clirection of head of the robo(. and vico versa. dVa.cking is mana.ged 
by rota.ting ( he hea.d of the robo!, un(.il two sensors measure a dis(.a.nce c ióse tc) 
ea.c:h o(.her.
If the (.ra.cked obsta.cle is out of rango for a. spc'caíied ainounl. of l.imc', (.hen il. 
is (.rea.(,ed as los(.. An obsta.cle de(.ectecl nex(. is tíeal.c'd as a. cliíIcKUit c)l)s(.a.cle. 
11ie Kalman filter and otheí' parame!,ers (.ha(. arc' used for ( hc' c nlculation of 
(,he c'()orclina.(.es and velocities of ( he obsta.cle' are ?einil.ialized.
28
Wlirn Min ()I)s(.arln is a.ga.in oiil. of rango, Minn Min lu\'ul of llin robol. is 
uiHlal.nd 1,0 l.lin iinarnsi, point, vvlinr(' sn.iiipins ar(' oht.niiuvl foi- s('arnliing l.lin 
nnvironiiinnl,, snarcliing opnin.l ion nonl iiinns niiMl an ohsl.nr ic' is r|c'(.nrfnf|.
3.2*3 Linear K a lm a n  F i l l e r  U n it
'I'linglolinl noordinains of l;lin robot, mid t lin vi'lorit.^/ nvr d(dni iniiu'd as follows:
I
• i'oorrlinat.ns of tlin obstardn mn foniKl rnlat.ivn to tlu' robot,
• noordinal.ns of f.lin obst.acln arn found in glolial noorrlinains
Tlin ()l)snrvri.l,ioMS fliaf will l)n nsnd in Min linnar Kalman iilt.n! arn obl.ainnd 
as follows:
Mgiirn 3.G: ( i^dindi ira.l obsfa.rin in front; ol t Im scnisors.
(I rrr \Sf)  rin in onr nasn wlinrn
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t o t a l  .7’: total distance tra.veled \)y the obstacle in the :/· dirertion h('ginning 
from the t ime of detection.
t o t a l  ?/: tot<al distance tra.veled l\y the ohsl.aele in the // flirertion beginning 
from the t ime of detection.
t o t a l  t i m e :  total t ime |)a.ssed beginning fiom th^'dr'tf'ci ion of ol^sta.cle 
vx:  average velocity in the .r-diicvtion 
vy:  a.vera.ge velocity in the 7/-direrj,ion
Since these da ta  a.re relative to the lobot , necessary rotaf.ion of the coordi- 
na.te a.xes is performed if robot’s hea.ding with lespei l. to l.lu'global // axis is no(. 
zero. Also tra.nsla.tion of coordinates is |)erformer| according to the. information 
coming from the mouse insta.lled nndcM iu'a.th tiu' robot, if the' robot is not a(. 
globa.l (0,0) coordinates in x and y.
Tliese a.re the observa.tion da.ta. tha t  will be nseel in ihe following linear 
Kalman filter.
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AsRimtiiig linear sf.al.e and ol)serval.ion model;
x ( k  I I) — Fx(^:) I v(/;:) (d.7)
z (k )  =  x(^)  I w(i·)




1 A 7 ’( 0 0 0
0 1 0 0
0 0 I A?'(/.)








is I.ho s(,al;o i iansiUon ma.i.iix. Assimiing v(/>:) arul w(i :)  nit' whil.o (¡aiissinn 
noiso raiulorii vrrl.ors wiUi zomo ino^rn, llio rovn.riirnrc' mnl.iix of l.ho proross 
noiso v(k)  is:
:n
1 2 0 0
A T \ t )
2 Δ7'2(/,) 0 0
0 0 -t 2
0 0 2 Δ7'·^(/)
ΊΊΐΓ ( 'Ч )ѵ а г іа м г г  îT in l . r ix  of f l i o  т г п я і і к ' п к ' п і .  п о іж '  wf/,:) is :
H. ~  /'"[w(/i’)w ^
0 0 0
0 -:ΐ· 0 0
0 0 0л
0 0 0
Δ 7 ’(/) is a fnncfion of fimo l)04*auso vvliilr (гагкіид ІІи' obs l íu lr  foi' flai.a 
a.rqiiisil.ion, ih r  гоЬоі head înnsi I)c roiai rd  in гЬапдіпд amoimis for iivar king 
obsiacdos wiili difForoni volor.iiios af)d iliis brings a rinidil ir)!! on Δ 7 ’ (o b(' iimc' 
d(' |)ondoni.
ѴѴІіг'п i h r  o b s ia r lo  is (1гіогі<ч1, i h r  ПІІ(п· is i i iÜ ia l izod  and a i f 'v r r y  da.ia 
a.rqnirorl i i  is npda ie d  a .rrord ing io  i h r  l i iu 'a i ' K a lm an  ПІІч'і· r'qiia.i ions |)ro\'id(4İ 
in i l io  Л[)|)опг1іх. M oasn rom on i noiso va.iia.nrrs for .r and // ro o rd in a i( 's  aro 
pro ra irn la . ied  from  iho  o x p o r im o n ia l  da.ia.. Ibor.oss noiso \a r ia n r ( '  is found by 
i i  ial in ordo!· for iho  innova iions  io  bo w h i io  sorpunKOs.
In i i ia l i z a i io n  o f iho  i i l io r  is vory i i i ip o i  ianl.. To onrom pass any n  iors ih o io  
ma.y bo in iho  in ii ia .l o s i im a io  o f iho  s ia io  vor lo r ,  s ia ir '  varianr r' P(()|()) is 
rhoson io  1)0 10 iirnos iho  va.Ino o f iho  pror*oss noiso. Ί Ί κ '  in i l  ia.l walnos 0)?· i lu '  
p ro r l i r i io n  o f s ia ios is оІ)іаіпсч1 from  i-ho f i rs i  da.ia soi a rrp iiro r l.  Л І І Ію п д І і  i ls  
oíFoc'i r l in ) in ishos w i ih  i im o ,  a p p ro p r ia io  in i i ia . l iza i ion  w i l l  mal<o гг)п\ч 'гдопго 
fa.sior. íb'or.oss and obsorva.lion noiso varia.nros a i fo r i  i lu '  rr 'sn iis much more'
I,hail iho  vva.y in i i ia l iza l . io n  is ma.do s inro  ihoso r jn a n i i i io s  aro nscvl in глч'гу 
i io ra i io n  s iop o f  iho  i i l io r .
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3-2.4 D y n a m ic  Coll is ion  A v o id a n r c  A lg o i iU im
ΊΊκ'  assnmi)(.ion is (.bal, ( boro oxisi.s л. singir moving r)l)s(,n.rb' ίη Ι.Ικ'(Ίίѵіі-оііпкмИ.
wil.li ronslaî]!. sprocl loss l.baiî Ο.Ί m/s.  ΊΊιο aim оГ I bo loluW. is l.o irvu b a givon
»
dosl.inal.ion |)oini, as soon as |)ossiblo. Hol.b (.bo robol. and (bo obsla.rlo aro 
assmnod (;o bo oonfinod in rydindors of radius 20 ( in Гог I Іи' obsl arby a.nd ‘Ю 
om Гог (.bo i4)l)o(,.
Λ ((.or ( bo l.ai'gol, is dc'l.ool.od, ovory ( iino îk' w da.l a is агхціікѵЬ (.bo lollowing 
vahíos a.i(' ralrnlal.od:
tx :  ('ollision l.imo (or .r-ooordina.los ol I.Ik' robol. and l.lu' obsl.a.obv
'}
(,y: rollision l.imo Гог ?y-coordina.I.os o( ( bo robol, and l.bo obsl.a.clo.
Wbon l.bo (ІіГГогопго оГ t x  and ty is bcdovv a. corlain (liK'sliold a. .я|кч іПо(І 
nninbor оГ (,im(\s (3 in l.bo cnrroni, soH-waro), (,bon il, is dorirb'd l.ba.I. a, collision 
will occur. IdoToro roacbing (.bis poinl., (,bo a.c(jnirod dala, is analyzed in order
1.0 decidí' ІГ I.bo ol)s(,a.clo is a.|)|)roa.cbing Trom I.bo lo((. wil b i('s|)('r(. (,o (.bo robol, 
or from (bo rigbl;.
• ІГ (.1)0 obsi.a.clo a.pproacbos hom ( bo bdl/rigbl. side' o( Ι,Ικ' lobol.:
- robol. is rol;a(.od connl.orclockwiso/clockwiso by .20'',
-- a.n.or rol.al.ion is com|)lo(.o, robol. is l.ianslal.ivl .20 rm in l.bo (orwa.rd 
diroclion,
— a.n.or (.bal, (.ranslal.ion, robot, is ro(.a(.('d siicb ( bal. i(. is İK'adcvl l.owaids 
(bo dosl.ina.I.ion point.. If (boio are no obslacb's in ΙκΊ.ννοηι, l.bo 
sbortost, |)alb l)ot,woon l.bocnrionl rol)o(. |)osi( ion and ( İKMİosl.ination 
poinl. is a. st.raigbt. lino.
Tbo same procodnro is ropoal.od nnt.il (,bo do.stinal.ion |юіпГ is roaclu'd. 
Moanwbilo, it, is possible to a.void more (.ban one or l.wo obslacb's ai^pioacbing 
from oil bor direction. As previously monl.ionod, (.be dol.i'cl.ion o( anol boi ol>sla- 
cle. is determined l)y l.be value оГ (,bo l.inioi' wbicb is slarlcvl wIkmi (.be obsl.a.cb' 
is O ld . оГ range a.nd sl.opped vvbon again (1о(,(ч (.(чІ. ІГ (.bis ѵаіік' is a.bo\o some
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(.1mt\sIk)M, I.IK'II І.Ье nrwiy (U'lcí lod ol)s(,n.r.l(' ія і ігаГгчІ ппоІ.Ьс'і' oI>s(.;u lr, (dsr 
il. is І;ггаІ.('(І as I,be same obsi.ar.Ie.
V(doril.y of l.lie robot, is variable so it. is nerèssa.iy lo іж'аяпп'  il. also. 'I bis 
ѵеіогііу is mea.snred by Ibe informa.lion proviflcal by llu' rompiil.or moiisf' in- 
slalled iindernealib Ibe robol. І)іігіпд Ibe exenil.ion of I lu' ріоді апр Ibe mouse 
inl.errnid is periodically polled lo d('lenniiK' l.lu^  Ich a.l ion of l.lu' robol.. 'Mns is 
та.падсні by Ibe Ini '{'{b loinclion ОПЬ (Rc'a.d Mc)lion (Ѵ)ппІ('г), wbicb dcd.c'r 
mines Ibe. a.monnl of aclna.l mouse molion, if any, since Ibc' Iasi call lo Ibis 
Innclion.
Regisler  ЛХ is assigned ООППІ1 a.ncl i n l e n b p l  is ifivokcvl by sol lware, Ibe 
va.Inos i 'elnrned a.re in (IX a.nc] I)X regislers,  vvbc'ie (ÎX is Ibc' niimbcn of mic kc^ys 
moved borizonlal ly  ( —'?27G8 lo 827(іЯ) a.nd I)X is Ibe ппітіЬсм' оГ mic kc'ys nu:)vec| 
vet l.ically ( - - 327f)8 lo 827G8). Nc'ga.live mc\ans Icdl aiul ii|>. Ічмк І.іоп ОПЬ will 
lell Ibe relal ive ттюѵетепі  of Ibe nmnse cnirsor bcd.ween calls lo Ibis (nnc lion. 
Ί Ίκ '  inleifial  soflwa.re kc'.eps Ira.c k ol Ibe mouse cu rso r ’s loral ion at. all l imes 
and rec.orcls ils loc*a.l,ion al  ea.cb c*a.|l lo Ibis fiinc lion.
'ГЬе (!X anrl 1)X rc'gislers relnrn Ibe rela.li\'e mo\4'mc'iil. ΊΊκ· nnmbc'is rc- 
Inrnecl are iti mickc'.ys, Ibe nnil of mouse molic>n. Macb mickc'y is appioximalcdy 
equal lc> 0.5 niillimelers (0.0Π2 incbc's). ІЧ)г Ibe e n o r  cbai ac lerislics оГ mouse, 
l.be î'ea.cler can refer lo Ibe Appendix.
Dining execnlion of Ibe |)rogiam, |)a.iamelers nerc'ssaiy (or la.lc'r analysis 




Iix|)criincnl.s me coiKlud.erl on a 2,5 in x 2,5 in area ro\Tnefl hy plastic inaleria! 
in onler  1.0 a.voirl slippa.ge. Tlie rohol. i.s (onlrolleil i.hroiigli l lie seiial port of a 
/ISfi-DX 33 Mflz PC with 8 Mbytes of RAM. During the ex|>eriinents, the da ta  
is stored in files for later processing.
It is assmned tha t  one obstacle will l)e detected at. a lime, and the speeds 
of the obstacle ami the robot remain consl.ant during each experiment.  d1ie 
other  a.ssnmption is tha t  the obstacle's and the robot's directions rim ing motion 
ma.ke an angle between 70^ and IIO' .^ If not, then flu' a\x)irling actirin done 
by l.he rol)ot is not a.ppropriate for the obstacle, ami collision of (he robol. and 
obstacle occurs. The  obstacle is a small remote controlled car with a cylinder 
of ra.rlins 7 cm and height 60 cm rnoiinterl on it.
The difTerent experimenlal  ca.ses are ( lassified as follows:
I . Obstacle approaching from the left side of robot (no collision prediction)
2. Obstacle approaching from the right side of robot (no collision prediction)
3. Obsl.a.('le a|)[)maching from (.he left side of mbo(. (roHision prerliH.ion)
T  Obstacle approaching from the right side of robot (collision piediction)
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5. 'I'vvo obsl.a.rles, fir.sl; one approaching from Uie Icfl. ami second one ap ­
proaching from (.he right» (c'.ollision prediction)
hyxperiment.s are repea.l.ed vvil.h Ihrcx' clifferenl. rohoi, spc'ccls, (.o c'ompa.re 
I,he l.ol.al l.ime for (.he robot, (.o reach i(,s des(.ina(;ion. d hc' cen(,e? point. (0,0) 
coi rc'sponds t.o (,he loca.(;ion of (.he ball o( (.he mouse iimleineat h ( he robot,. 'The 
iignrc's correspond (,o t,he robot, spc'ed ol i . 8() c it ] / s , t.lu' otlun (.wo speeds are 
6.88 em /s  a.ml 8.64 cm/s.
All of ( he experiiTient.s are perfoi ined wit h (.he folh)w ing \'a.lnes of t.liresliolcl 
(.line ancl U i r e s h o ld  c o u n t e r .
• T b r e s b o l d  t i m e  is (,he (;ime value whic h iiKlica.(,c\s (,ha( ol)s(a.c le a.ncl ( he 
robot, are snfTlcient.ly c4ose t.o eac h ot.her for a c ollision ( o occm·. This value 
is (.he a.bsolnt.e value of collision t.ime for .r Coorclina.l c's ami 7/-coorc|ina(.es 
In (,h(' following experimenl.s (.his value is chc)osc'n as 2.5 s.
• Threshold counter  is (.he iclent.iiic'r showing (.ha(. (he nnmbcT of times 
(.he t.hresholcl value is exceeded. This value' is se(, (,o riming ( he ex|)eri- 
men(,s.
The  da,(a. lecorded clnring (he expc'rimc'id.s is illnsl ralc'rl in ( he rest ol (.his 
























































































































































































































































































































































































































































































24 26 28 30
lime (s)
24 26 28 
time (s)
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r i g u r r  ^.5: Case-2: ()b.s(.acle approaching from Ihc righl. sid(' of ihc rol)ol. (no 
collision prcrlicf.ion), ol>sl;aclc’s :r,?/ roordinalcs nıul .r,?/ vidocifics.
osl;iinaf;e(l vahíos
----------- moasiirod vahíos
.................. : prodie 1.0(1 vahíos
I^igni(^ d.5 correspoiuls l.o fino cnsc wlun'c' n.n obsl.n/ h' o( .r-vfdoc'il.y ~  - 20 
n n / s  and //-volocil;y 0 rn i / scc n.pproarhr\s I.Ik' robol. froin il .s righl. sido. A fl or 
sorno fimo, ?/-vclociby incroases born.nsí'í oí l.lu' ipininl.iii(' iTnnol.r ronlrolh'd car 
rna.king an nndesired rnol-ion in y dircclion. TIk' inifial coordinalcs of (he 
obsl.aclc and IJk  ^ robol; are ( 7 0 J I 0 )  and (0,0) r(\spcc(.iv('ly. d'hc' obsiach'  is 



















































































































































































































I Predicted x collision time -  Predicted у collision lime I
-L_     X..... ____ L
-10  0 10
X- coordinate (cm)
20 30
ire '1.(S: CJase-2: f?.ol)ol. atul оЬя1:а.г-|е on x ,y  rooirlin;r|.('s ( lop), rliirnr'iire 
bel.ween prerlid.ecl collision l.imes Гог x and у cooi rlinair's (boU.oni).
Innovai.ions in I'dgnre ^.6 show symmel.iical rniulom rlc\'ial ions aioiinrl zero 
wbi('b iiKlical.es (;he convergence of l.he fill.er. d'he sensor valiK's simvv I,Ik' г)Ь 
sf,ar*Ie approacliing and depart ing same as |)revir)nsly. In I' igiiK' 1^.7, ohsl.a/ le 
is in front of the robot at the 20^ '^ s, but. the distance between (.1кмп is appmx 
ima.tely 'U) cm. The  collision l.imes for x and ?/ coordinates r-onfirm the same 
situation because predici.ed collision t ime for ?/ coordinate is approximately 5 
s when the obstacle is in front of the robot. ·'
Figure ^.8 is another way of illustrating the same situation. (!r)llision is 
pr('di('.ter| when the absolute va.Iueof the diffoK'iux' beiwrx'ii |)К'гГ|с1.(ч1 x collisir)u 
t ime and predicted у collision time, remains br'Iow t he threshold for a cn  tain 
|)eriod of time. Both experiments are peiformerl wil.h threslmld time: 2.5 s 
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Figurn -1.9: Ca,8e-3: Ohsi.arlr' approorhing (Voin f.hr IcK. sifl·' o\' rohol, (f'ollision 
pro(lirl rd),  obstacle’s x ,y  coordinates and .r,?/ velocities.
o s tim a lc d  values 
c in e a sm o d  values 
p re d id .e d  values
This is the first case of a collision when I he obsta< l·' ap|)i-oa( lies from the 
left side of the lobot. The  obsta.cle is initially' at ( 70,f)0) and the lobot is at
(0,0) as before.The obsta.cle begins moving in tlu' positive :r direction with a 
speerl of 20 cm/s.  'Hie obsta.ch' is tia.cked for 2 s approximately. Actnally, this 





























































































































I Predicted x collision time -  Predicted у collision lime I
. j_ _
5 10.
F ig n r r  d . l 2 :  (!ase-3: H.oboi a iu l obsl.af'K' on x , y  cooirlinnl.f^.s ( lo p ) ,  гП [Гггпич ' 
b o lw re n  p rcd iri.e rl co llis ion  (;im rs for x a iu l ?/ ro o irlin a l.cs  (l)o l.l.om ).
O bstac le  becoTTies very close to the robot, at, t.be 25^ '^ s o f t.be experiment,. 
ЧЪе da ta  in Fignres d. l I and d . l 2  show t he sit.iiat.ion cli\*n ly. 'ГЬ(' predir t.ion o f 
collision decision is marie at, l-be 2d.8^ '^ s o f t.he experiment, wlune t.he t.liresbold 
c.onnt,er reacbed 3 wit-b t.be i.bresbold t.ime value o f 2.5 s.
rd g iire  d . l 2  does not; cont.inne aft.er t.be 25'^' s o f t.be ('xp rn im ent. since col 
lis ion  is det.ect.ed and a.s a det.ect.ion res|)onse tbe robot, is rr)tat.('rl ra rcord ing ly  





l'^igure '1.13: Ca.se-3: RoI)ol;’ñ x  n.ıul y  roordinnloF;, n.voidanrr ;rrl.ir)n slıovvn.
Avoidanrr aclion is seoMi in Figure -'1.13, wliore i lin ?/ cooı  dinal.e oT l.lıo rol>ol, 
iiKTease.s Iineaıl3 ,^ wldl(* l.ho .7’-cooî(linal.e shows l.ho avoiding a.rl.ion hogiîîning 
a.l. iJıo 25' '^ s of (ihe o'x-prriınrî]l,. Sineo ohsl n.rlo ap|)roarİK\s (rom I lıo, İril side of 
(he rohol·, dol.ort.ion rrspoîîse is l-o Iravrd around l.ho ohsl.a.rh' in (ho nrgal.ivo 
.7’ dirod.ion.
Flapsod I,ime and final coorrlinales lor l.ho rU'sI inal ion |)oinl. ran hr srrn İîî 
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I Predicled x collision time - Predicted у collision time I
Fig iued.17 :  Ca.se-4: Robot, n.iul ol)sl,a.(‘lo on .r,?/ roordinnlrs  (lop), d i i r r rm re  
bol.wc'on predicted collision times for x and j/ coordinates (bottom).
nrl.wocM 25"' and 26^ '^ s from l.be beginniill'g of tlu' expnimenl. ,  Ibe robot 
and the obstacle ca.me too close to ea.cli otiu'r. diuesl iold l.ime which is 2.5 s, 
is exceeflod l.hreshold counter times which is l.hree diirifig t.his l.ime ini.erval. 


































































































































































































































































































































































































































































I Predicted x collision time - Predicted y collision tlrTio I
I ' igiiir ^.22: (!a.sc-5: Hohol; a.nd ol).s(.a.rIr on x^y  rf)or(!innl.rs (loi)), d i i r r t rn r r  
l)d;wcon prrr li ried collision liines for x aiul ?/ roordina.lrs ( hol.l.oin).
d'ltc rase for fwo obstacles is simnlal.cd l y^ I,he r'ompiifi'r program i.hal. 
i '^oid-rols l.lio rol)ot. FirsI; Uic obstacle coining from tlic' b'ft is a.vc)ir|rd a.nd t ime 
is paused b}-^  the program to enable the exper imenter  to change' thc' place of ( he 
remote  controlled miniature car. Whc'n (he loca(ion of (hc' remo(.e con(.roll('d 
niinia.tnre ear is changed (.o serve as ( he secoiul obs(.ach' apprc)aching from ( he 
i ight,  t ime is resta.rted a.nci the progra.m c'cnd-iniK's from (lu' place' whc'ie i(. 
s topped.
The  distances mea.snred l\y the two sensors, shown in l·'igııIe T20,  indicate 
(he presence of the two obstacles clearly. The  collision det ision for the iirs(. 
obs(,a.e:le is ma.de a.t the s of (.he experimen(. ami for (.he seex>nd obstacle
at 2'T^  ^ s of (.he experiment a,s seen from Figure T22.
In Figure T2I  while the robot is moving (.owarels i(.s eh's(.ina.(,ion, iirs(, ob 
sl.acle approaches to the robo(. from lef(, side ii|) (o (he ( ime of lf).2'''^ s of ( he 
experiment .  After tlie s of the ex|)erimen(., (he o(.lun ol)s(.acle came in(.o 
ace'.onnt approaching the robot from (he rigid, sielc'. 'ITc' (imes ree]niied for 
collision for ea.ch c'-oorelinaie are shown below (.hese figures where collision can 
be easily predicted.
5.4
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' igiirr /|.23: (^3..se-5: llobol.’s .r n.nd ?/ rootdinn.lf's, nA'oid<'rnro fvri.ion .shown.
I'^igiiro '1.2'? i.s a. romhinal.ion of (.ho (.wo iiguK's in (lu' piovion.s rasos as 
ox|)('c(,orl. I(. (;ook approxiina.f.oly 4^ ) s for (.Ik' r o l K ) ( .  (.o roach (lio cIr.s(.ina(ion. 
Wha(. cliirors for (Jio sooonci obsf.arlo aro only (.ho ini(,ia.l c'oorc|ina(.os a.nci cx ion- 
(.a,(.ion of (,ho robo(,. ilo.noo a.f(.or (.ho iirs(. obs(.ac |('. is axoich'd, (.ho cwpcx imon(. 
ran 1)0 viowod as a. repo(.i(.ion of (,ho saino oxporiinoid. wi(.li difiorc'id, ini(.ial c’on- 
di(,ions. In (.his s(.udy, (die oxporiinoid.s a.ro c'ondncd.od only for (.wo obs( a.( los 
bn(, wi(.h a. la.rgor experiinen(.a,(.ion a.roa. rnoro ob's(.a.rlos can bo a.voidcxl by (.his 
inol)ilo robot..
f'V)r ovory ease, (die Ka.Iman iiK.or sinoo(.hs (.ho la.w inc'asnioinoids. ddu' x 
a.nd y c',oordina.(.os of (,ho obsf.acdo ha.vo loss dovia.l ions (dia.n ( ho x and // volo(.i( ios 
of (die obs(;a.(do. d.dio rria.in reason for (.his is, i(, is dii]ic'id(. (o ob(ain a slow and 
ronsf.aiif. speed wi(di (die reino(,e oonf.rollod oar whicdi simnla.(.os (.ho obs(,a.cde.
Innova.fdons for ea.ch va.ria.blo, is almos(, vvhif.o, i.o., ha.vc' simila.r clovia(dons 
a.ronncl zero. This is an indioa.(.or of ( ho c'onvorgonco of ( hc' fiber, sinc e innova, 
(ion is (.ho difforenoe bof.ween obsorva.(.ions and prodicic'd obsorva.(.ions.
T'or no collision rases, (die (.inie rocpiiiocl for rc)||ision in x and y c-ooi clinal.os 
do no(. bocome (dose (;o each o(.hor a(. (.ho same (.inic\ dlio clifloronc’o bcdwoon 
(dioin is a.lmos(, above (die (diroshold value sol. a.(. (.ho bc'ginning o( ( ho oxorni ion of
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ibc' i^oftwarr. I)no  1,0 rrronr.o iis ira r lin g s , somrl.imc'.s ( bis rliifV'ir'nr.o sl.ays in ir lrr  
l.lio (,hrrsli()I(I for <a limil.oul l.imr\ So lals(' (l(4,isions aboul. ro llis ion  prorlirf.ion 
is avoirlcvl. Sensor rla(-a showing (he obsl.ar ir 's  ilisl-irnre I.о i.argel. shows (.he 
si(,na(,ion. F i is i . ,  (,he obs(,arle heroines Hose (.o (.he roi>o(- aiul (hen i(, <'lr|)nr(,s 
again . In frared  dal,a for no collision prediction c;vsrs doc\s nc)(. provide' c'xf.in 
in ro iinaf.ion  l)ecanse most, of (he ( iine , (,he obs(.ac lc' is no(. \vi( hin ( he oprr?i(.ing 
l ange of in fra ied  sensors.
hV)!' (.he c'ollision piedicdion rase , (he (,ime diifrrc'nrc' s(.a.ys foi a. speriiied  
m imhc'r of l.imes under (:he (.hreshold w hirh  c auses a. dc'rision (Iia(. a. c'ollision 
w ill o e rn r. T h e  rc^sponse (,o (.his clc'(.ec'(.ion can hc' sc'C'm ii.i (.he iignies which 
show (he .T-c:oordinai,e and 7/-rc)orclina.(e of robo(. versus (im e beginning from 
(.he sl.arl. of I,he m ission . In fia red  sensors in d ira le  (he prc'sc'nc-e of (he ol)s(.ac:le 
in froni., (.his informa.I.ion is oidy nseci for (.he ro n iirm a iio n  of ro llis ion  derision .
For (.hree clifTerenl. veloci(.ies, (he (.ime lecpiirc'd foi (.Ik ' roho(. (.o rea.rh (,he 
cles(.ina.(.ion poini; is found as follows:
'^ 10.5 s when robo(, spc e^cl is 4.8Г) rm /s , s when гоЬо(, spc'ed is f).88 rm /s  
a.nd 27.C) s when robol. spc::ed is 8.5^ 1 enn/s for (.he a.voidanrc' of one' ol)s(.ac lc' (.o 
reach a, cles(,ina.(.ion ])oin(, of (0 ,170) fiom (0 ,0 ).
'H ie  fa.s(.er (,he robol., (.he more (.he devia(,ipn from (he des(.ina(.ion poinf. 





In f.liis sl.udy, a small mohilc rohol. is rl<\si^iu'rl ;iiul hiiill hy l.nking ini.o ron- 
.sidcraMon ( lie nexil)ili(.y ami porl.nbilil.y n  if ri ia. d'lic npplir al ion for r lynamir 
ol)sl,a.f'.le avoiilance is an indiralor  l-lial; iJiis rohol. ran l)c nscrl in roholirs  <aml 
sensing appliral.ions snr.li ras mnp building, I,nrgel. (.racking and n<aviga(.ion.
Hy reprogramining (.lie on-board F/PHOM of (.lu' roboi., anl.onomoiis opeia- 
(.ion ran l)e ma.de possible. Tlie resiiKs obi,aim'd aie sa(.is(yiiig in ( lu' sense (.lia(. 
a. ri'.al ( ime experimen(.a.(;ion ca.n be ilone wliirli diib'is considerably from sim 
nlafion condi(.ions since real world efrecl.s come in(.o a.cconni sncli as slippage 
of ( be robof., erronous real (,ime da.(a, variable spei'd and <liif'c(.ion of obslacle 
e(,c.
The  bardwa.rc can be improverl by designing a. wirelc'ss commnnicai  ion nni(. 
ins(,ea.d of (.lie ca.bles foi ( lie commimical  ion b('(,vveen loboi. a.nd IV!. ddiis would 
ena.ble (.be sysi.em (.o work si.a.nd alone.
Resides using (,be robol, in ol.lier a.p|)lica.(,ions, i(, is possibb' (,o exi.end (.bis 
s(.ndy (,o ma.nenvering (.argef.s and a ma.nenvering !ol)o(, vvii lionl. any res(.ric(.ion 
on (dieir diiecJ.ion of piopagaf.ion. I(, would also Ik' inl.i'iesl.ing (.o peiTonn a. 
sirnila.r a.voidance a.IgorilJim in (.lie case of s(,a.i.ionary obslacb's exisiing in ( be 
environmeni. I)csides (die trioving ones.
r)C)
A P P E N D IX  A
Linear Kalman Filter
A .1  T h e L inear D iscrepe T im e K alm an  F ilter
Tlir Kalman íillri' is a rrnirsivr linnar rsl.imal/)i vvlnrli siirrrs.sivrly raK iilaírs 
a minimum vni iíMice esliinaí.c' for a slal.ry (.lial. rvolvrs ovni' f i inron ( lin hnsis oí 
poriorlir ohsrrvalioíis iliai arn linoarly rrlniril (o l.liis s(,;r(.(\ 'I1h' Knimn.n iillrr 
a.l^oril.lim was íii sl. inl.Kalnrrtl in I Í)G I l>y Kn.limrn muí Miicy
'I'ho sl.ail.ing poinl. is a Hiscrcle l.imr sial.o (.ransil.it)n (a|iwi(.ion wliirli do 
sciibrs (lio ovolul.ion oí a sf.al.o vorl.or ovor l.imo. d'liis is (oııpkal wi(,li an ol)- 
sorval.ion oqiial.ion wliidi dosrrihos liovv ohsorvni.ions mo irdní.cal (,o (.lio slalos. 
d1)o rosnil.ing Kalman íill.cr algoril.lim roonrsivídy o;rlonl;dos osl.imal.os of (,hr 
sl.nf.o hascvl on a linoar romlnnalion o( Mic' prr'\'ions í'slimni.os and I.Ik' ikav 
olisoi'val.ions (.lin.l; lia.ve lioo.n ma.do.
l)(
л .  1.1 T h e  Sysl .em  and O bservaU oii  M o d e ls
In general,  a linear, (.iine-iiivariniil. sy.sl.em ran be if'ptesml.rfl by | be sl al.e 
(raiiRilion eqnal.io?) of I,be form:
Х (Ы  I ) - : v(/·) (Л.1)
wbere x{k )  is l.be .sfal.e al. I.ime k, n(/r) ir·; an inpnl. (or ronltol) vi-rfor, v(/,·) 
ia fuMil.ive vvbil.e (^ranasian ргогеяя по1яе. CJ is I be inpnl. I.iansil ion mal rix, F 
is ( be sl.al.e (ransil.ion mai.rix, a.iul x(/r | I) is (.be sl.al.e a(. (.be following k | I 
l imeslep.
Observaf.ions of (.lie sl.a.I.e of I,bis .sy.si.em are ma.dc' areording l.o a. linear, 
(.inte invarianl. e(|na.(,ion:
7,(k \ l ) - I I x ( / r  I I) I w(/r | I) (Л.2)
wbere 7,{k \ I ) is (.be observat ion rna.de a.(. (.ime k | I , x(/,: | I ) is (.be s(.a.(.e a.(. ( ime 
к I- I, IJ is (.Ik  ^ observdiion mat.rix, aiul w (k  | I) is nrMiliv’r  vvbil.r (iaussinn 
olisorval.ion noise.
A . 1.2 A s s u m p l i o n s  and D ef in iU o n s
T be  noises v(/!:) and w(/;:) a.re all (fanssian, idenl.ieally dis(.ribn(.(4|, and (em 
pora.Ily nnrorrela.(,ed wi(.b zero mean:
Л’[у (/г ) ] /(,’[w (^:)| -  0, Vk
/';fv (? :)v ''■(;)] == 6 i jQ  /i'’[w (? :)w ''( ;) ] -  Si jR
x.(^|/v): rsl.inbaliC of (.be sf.a.(;e al. a Idim' k given all inloiinal.ion np l.o I.ime
k.
x(A: I Ф0·  <^ i f^'inial.e of l.be sl.al.r' al. a l ime (/* | I) gi\’en onl)' informal.ion 
np 1.0 l ime /с, also ealled a. one sl.ej) abea.rl |)ieilir|,ion (or jnsl. a pi(xlirldon)
P(/r  -| lK>0· pi’<^ l^b*(.ion varia.nre P(/;|/i·): varia.nre o( l.be prr>\’ions ('sl.imal.e
.ЬЯ
л . 1.3 T h e  G a in  M a l r ix
'I'Ik' Дг'пи mal.i’ix is iii Г;к1. jnsl. я mrl.liocl o( \\ч'!д|11.!пд í lu' oK.' í^'i-vnl ion 7,(l· | I) 
a.iul Ihr  prndirl.ion x ( k  -| I|/í:) l\y Mir. ronfir lrnrr  vvr Ьллр ¡n l.brir rrspr'rl.ivr 
vahíos, d’lu' да!п mal.rix is nol. я f’iinrí ion of f.ho obsfM val if^ns z(.)  . II. is floprn - 
(lonl. onÍ3  ^ inil-ial variaiir.o P(()|0), í.ljo |)roross luiiso vniimiro Q( .)  niul
l.bo ohsorval.ion noisc va.rianro Г?(.). 'ГЬо gain mal.rix oomx'igos l.o я rr)nsl.anl. 
vahío wil.Iiin a. íixorl nnmlior оГ l.imo stops if I ho íilloi is ma.l.í lu'd.
Л . 1 .4 T h e  I im ovaU on
d'lio í li ííoronro bol.vvoon Ulo ohsoi va.lion 7,{k | l·) a.nd I.Ik' |)Г(чПо(.сч1 ohsorval.ion 
Iíx(Á: I ] \ k )  is l.oriTiod l.bo innova.lion i / ( k  | I):
fy{k i  \ ) ^ ^ 7 { k  \ \ ) -  U x { k  \ l|//) (Л.З)
ddio innoval.ion is a.n imporl.anl, moasnro of I ho dovia.l ion hol.wrxni I Ik' íill or 
osl.imal.os a.nd l.ho obsorvorl sc'.qnonro. I|. c an l)o nscvl l.o \-alidalc' moasnromonl.s 
hcdoro l.hoy aro inrorporal.od inl.o l.lic' íill.cnc'd osl.ima.lc\s. 'V \\r  \ 'ariancc' assooi 
al.od wil.li l.ho innova.lic)ii is:
S(7í: I I) -  R I riP(Z· I 1|//)П' (Л.-1)
d1ío innoval.ion ca.n a.lso ho nsod l.o doíino a normali/.rci mívasiirool I hc' diffr'r 
onoo hol.woon ol)so.rval.ion a.nd prodirl.ic)n (Iho noiinalizcvl innoval.ion), l.ormod 
l.ho va.Iidalion ga.i.o:
I) -  r {k  I (1^ I I) (Л.Г,)
Пу ohoosing a l.hrosjiold vahío Гог \ J { k  |- I) wo can rcqc'cl, ohscn va.í.ions l.hal. (all 
onlsido l;his gai.o as boing inva.Iid. Tho normalizcxl innox’alions c an also bo nsod 
as a. I.osl. Гог whil.onoss om])Ioying c:hi-sc|iiaro l.c'sl.s [2h].
5!)
A  л . 5 I i i i t ia l iza i io n  o f  Uie F i l ter
The  valnos required for inil:.ializa.l.ion are, si.a.riing esl ima.le for l.be sial.e x(0 |0)  
a.iKİ il,s va.rianee Р(П|П), fbe process noise vai iarice Q лтк1 ( heo lr s r n  va.l ioîi noise 
varia.nce R.. 'The efTeci. of P ( 0 |0 )  diminishes wll h l imc'.
The  values of process a.nd ol)serva.l;ion noise variaiice nsf'd in l.he fill.er are 
mnc'h more iniporfa.nf l.lia.n I he inilial values of si.ale and variance since Ihey 
are used in every il.eral.ion of l.lie filter and so their efFect does not diminish with 
time.  Process noise variance represents onr ( onfidence in the filter model where 
as and obsen vation noise variance represents on?· confirh'nce in observations.
A . 1.6 K a lm a n  F i l l e r  E q u a t io n s
Prediction of s ta te  and variance:
\ fl^ :^) -  F x (^ l^ )  -I- Gn(/v) 
P(Â: t- \ \k)  -  FP(^-:|^.)F''· I -Q
(Л.6)
(Л.7)
Upclni .e of sl.al.e a.ml variance:
P(7c I- I \k 4 1) -  P(^·: 4  117-:) -  W { k  I- [)S{k  4  I ) W ’'{k I I ) (Л.8)
when
,y{k -\ I) =  ?:(/(·: 4 I ) .. tlx(/r I
S (k  -I- 1) =  R  4  HP( -^: -I- I 
W(A:4 I) = P(/^ · f  l|7:)M'''S ■ '(/: 4 I)
(Л.9)
(Л.Ю)
( Л . П )
Г)0
л . 2 M essa g e  Format; for Serial P r o to c o l
Solial romniniiicatioft is manager] by exrbanging messngr's bel.worn llio robot, 
aful l.bo I4I. Ivasl; byte of ea.rb im^ssage i.s I,Ik' гЬгг к я п т  l>yt<' wbir b !я nsor] for 
ronl rol of г'.ггог in (,bo iratismi.s.^ion оГ пк\яяп.дг. Varil.y rbrvk i.s also j>r'iTormor| 
for cnr l] by 1,0 i.ran.smil l.orl.
Mossago fonnai  is Uio same in bolli cliir'clirms, iVr)in i lu' robot to l.bo 14^ 
a.iul fiom l.lio 14! to t he robot..
A . 2.1 M e s s a g e  Format;
1 byte: Low l)3'l.c оГ Icngl.h of messag«’
byte High byte of lengtli of message' ]
3’^  byle Message identifier j
bylc Messages fyi>P ]




'lablo A.l : (Jonora.l mossago formal; foi soria.l rommnnir-al.ion.
A . 2.2 M e s s a g e s  from  th e  P C  to th e  R o l)o t
' riioso roqnosl.s a.ro rola.I.ocI l;o :
• Dat a. Hocmosl.s
• Mol,or Messages
• Configurat ion Messages
fit
Da( ;a  H e q u e s i s  
inning from hyle.
4 ' ^ byte Data. i?,e(]uest lype |
' 5''^ bylc ' Low byfe of iic^ a.rl [)osifion |
6^^ byte iligli byfe of Irea.d ])osifion ]
7'^ byte (Jliecksiim |
Table A.2: Mes.sage rorin<al- ibi· rlal-a rc'cjiK'sl.í 
Dala, reqnesl. l-.ype ran be one of l.lie follovvibg:
• 'IVa.n.sinil. only nll.rasonir va.bie: 0
• 'IVa.n.sinil. only IR. value: I
• 'I'i a.nsinil: bol.b vainer;: 2
lleafl posil.ion ran fake an infrger value bel.ween 0 aiirl 220.
M o i o r  M e s s a g e s
These messa.ges recpiesf fhe lobof fo move in a. 0('sirfv| manne?· for a. desired 
disfanre.  Heginning from byfe I,
4"’ byte Motor message type |
Low byfe of distance
6' '^ byte iliglr byte o( distance |
7'^ byte (jliecksnm |
dab le A.2: Message formal, for mol.or im'ssagc's. 
Mofor message fyp(' can Ik' one of l.hr' (ollowing:
f>2
Movr forward value: 0
Move backward value: I
Move forward clorkwi.se va.Iue: 2
• Move forwa.rd counl.erclockwise value:
Move ba.ckwa.rd clockwise valiuv ^
• Move backward counl.erclockwise value: 5
• l?()l;a.l.e counl.erclockwise value: 6
R.oi.al.e clockwise value: 7
Disla.nce ca.n l;a.ke an integer va.Iue between 0 aiul
C o n f ig u ra f . i o n  M e s s a g e s  
I^eginning from byte 4:
Ififorma.tion element ra.nges from 0 to 17. d1ie infoiunation (dements and 
tlieir elTect are expla.ined as comments in the software of tli(' VC.
8^ '^ bit of the information element identifier is the extension l)it which shows 
tha.t there is a.nother information element.
A .2.3 Messages from Robol; <;o (lie PC
Tlie replies of the robot can be ( lassific'd as :
• Da ta  Related
• Motor flela.ted
• (Confirmation R,ela.ted j
()3
b3 'l,c Information Flivniejit i(ic'iiti(i('.i |
Kth
O byte Length
Qth byte I jO w  byt(i of value |
y ih byte High byte of value |
^th byte IiifonnatioM I')iemciit iJc'iitiiii'i
9"' I)yi.e Ivengtii
10"' byte Low l)y(.(' o( value
1 byte iiigli byte of value
1 byte ......................  1
byte ...  .. . .....r j
■ 77Tbyte 1
— 777' byte ...................... 1
j y t h byte (Jlicck.sum
Table A/l:  Messcage ronnal, for roniigural ion niessnges.
D ata  R elated
The  ar.quiied dafa  is seni io ilie PC! in ibo follovviiig foi inni:
if ilie fnessage contains only ultrasonic data,  bcgiînnng from byte T
d'be 7^ ’^ a.nd 8^ '^ bytes are repeated until the 15' ’^ bvi.i\ I 'Tst coii|>le shows 
the value of the reception on the first receiver UH I wlu'n llu' first t ra î îsmit ter  
IIT I is excited as seen in Figine 2.8. Second conph'  is for thr  ^ recept ion on t.lu" 
second receiver UR-2 when the first t ransîni t te r  \ ]'V I is excited, d'he leinaining 
two couples are the same as pievionsly but  this t ime secoml transmitl.e?· is 
exciterl.
If the message contains only infrared data,  then Ix'ginning from byte T
Figure 2.3 shows the |)lacement of the sf'nsors. I'l' I is exf ile.d and t he 
values returned from IfC- f and IR 2 are assigiied to bit I anrl bit 2 of byte 7. 
3İ1İS is repeated consecutively for the other  3 transmiti.ers and f) recei\'ers. As 
a residt oîie l)yte d a ta  ( the 7^ '' byte) shows all the infrarerl da.I.a.
4"’ byte Only ul t iasonic d a ta  (0) |
5' '^ byte Low byte of head position
byte High byte  of head position |
7' '^ byte Low byte of receive.r value ]
8'^ byte High byte of receiver value |
byte ..........
. ."^byte .................................  1
1.5'  ^ byte Checksum ]
Table Л.5: Message Гоппа!. for ull rasonie, clal.a r<'ply of llie robot.
T ^ b y t e  Only iiifjared data, ( i )
byte Low byte of head position
byte High byte of head position
yíTTbyte Value of the infitared receivers
8 ^  byte Check sum
dable  Л.П: Message format for itifrared data, leply of the robot.
If the messa.ge contains both ultrasonic a.nd inflated data,  then the 7"' byte 
of the  message for only infrared data, becomes the bd^ '^ byte of the message for 
only nltra.sonic data.  The  checksum byte is then the byte for this case.
M otor R ela ted
In this ca.se, consta.nt messages are sent by the. robot  to tbe f’C. ddie i" '' byte 
is coded as follows:
15 for |)osition upda te  complete which mea.ns tha t  the last motor command 
messa.ge has been executed.
19 for the pel iodic message tha t  is sent. I.o l.he PC w Ikmi I.he robot tra.v'els a. 
certain a.mount of distance.  ¡
9 for Ihe case of the robot s topped due to a. request from the PC.
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C o n R n n n l i o n  R e l a t e d
When í\]c P( ! <lownloíuls some para.meieis l.o i.be I'oboi, l.liese can I)C nr.eepied 
or rejeri.ed by I,be lobol. beraiise оГ l.lie rnrieni. яіі.плііоп оГ Míe roboi. Il il. 
is aer'.epl.ed Ι.Ικμϊ іЬе byl.e is r.oded ns K), bill, il llic' rlo\vnIf)nd rr'qnosl. ean 
nol. be n.rrepled l)y l.be roboi, llien il. is i*oderI ns 17 or 18 flcq)onding on Ibe 
s ih in i ion .
Г)6
А .З  M o u se  C h aracter iza tion
Ч'Ье înonsc inRiallctl піиІггтк'аіЬ І.Ік' гоЬоІ. ргоѵіНгя ІІю іпГг)г?тьа(,іоп of І.Ьс 
roorclinafrs of І;Ьо robof. ТЬо soffwnro іпіоппрі. ія пк'пііоікѵі і?і (!|іл|>і.гг ·] 
Sor.fioii 2.Ί. Following ія <а гошрагіяоп of bow л.гс'пгп.Іс' is (.ho înoiiso. 'l'hoso 
(ІЛ.І.Л. Л.ГО І.лкоп when (.ho rol)ol, is moving \u l.ho Ь і^лѵлісІ гГпгч І.іоп wil l· л. spoocl 
of /|.8f) oîn/s. The  гошрл.тіяоп of іолі Ніяі л.пго л.ікі ( ho infoi іплі.ion оЬі л.іпосІ 
fîom l.he mouse is тл.^іе ΙκΊονν:
Real .(em) Mouse (cm) ]
10 .^  lo ..59 1
10.30 Іо.-Зб 1
10.10 l ä s f ” “"]
"^ IÖ.ĞÜ "ÎÜ.Ğ.5 1
10..50 ^  І0..59
Table Λ .7: Л р р і о х і т л і е  Tisíanre 10 (Ίη.




20.80 . 20.5 Í
20.70 20.7.5
Table Λ.8: ЛрргохітаІ.о dislanco 20 rm.
Г)7




31.30 [ '  '3(Ь54 '
30.90 30.53
ГаЫе Λ.9: Л|)ргохііііаІ.г гііяіаікч' ЛО cm.
1 Ileal (cm) Mouse (cm) ]





Та.Ые Л. 10: Лрргохіта.і.п ( l i s íame К) cm.
Real (cm) Mou.se (cm)
51.50 .50.67
51.40 50.79
5 Ш ' .... .50.74'
5 Í T 4 “ ' ... “ 50.46
51.50 50.44
Table Λ .11: Approximale (lisl.a.ncc 50 cm
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A .5 Softw are C ode
70
A.5.1 Sortwnrcs of ftho Robot
• niAnnm«·: rbSO.c DMt«:1B.8.l997
C codfl of th· mobllt) robot for djomnic ohotHcl« iivoldanc·. 
romplî«» with CBI Kail compilar of varalon 3.0 or Ifttar.
For tha aprom muat ba llnkarf with the aarlal unit (AS.OBJ) using 
LSI Kell llnkar/bulldar.
By; SANER KURBAY
/♦ B0B2 ragistara definition file ♦/




■«loftne bckward 0 /♦ direction daflnltlon for motors of tha robot*/
■doflna forward 1
■defina first )
■define second 2 
■defina third ‘ 3
■define motor2.en 1 
■daflne motorS.en 2 
■define dlrectlonl 3 
■define dlrertlon2 1 
■ define dlrecHonl 5 
■define Inf.active fi
■define prmotorl 0 
■define eslgnel 1
■define outputs.I 2
■define outpu*3_2 3 
«'I










/♦ Milrd hr. 2B9 ♦/
/* second he. 259*/
/♦ hoad position area·/
/* selection and transmit enable for */ 
/* ultrasonic sensors ♦/
■define motorl.an 0 /* signal definitions for robot */ ■define INFTO /♦ transmit enahla for Infrared sensors ♦/
•define INFTl
■define reçelli 0 
■define recell2 1 
■daflne recalls 2 
■define racal 14 3 
■define CI.KI 4 
■define CLK2 6 
■define CI.K3 6
■define disable 0 
•define enable 1
/♦ Infrared receiver return values 0 or 1*/
/* clock signals required for stepper motors*/
■define sertiminn BO 
■define nottimer 2BB
■define status 2 
■define permission 3 





/♦B ms Interrupt so 2R0ms BO·/
/· serial communication message types ·/
/♦ the following are the Identifiers for 
/· messages between PC and the robot ♦/
■define Infraredl 1 
■define lnfrared2 2 
■define InfraredS 3 
■define lnfrared4 4
■define nitral 1 
■define ultra2 2 
■define ultra3 3 
■define ultra4 4
/♦ Infrared selection among 4*/
/* ultrasonic transmitter selection */
•define tlo.val.Identifier 0
•define tho.val.Identifier I








■dnfIna strlen 2BB 
■define buflen 800
/* length of the buffer and string before buffer ♦/ ■define h.p.start.period Identifier 10
■define h,velorlty..rurve.period.Identifier II
•ftofln« h.d«1tii.pnrloil.)'l«ntifl«r 12 
•fl«fln· h.no_r«petltlon«_0 tnrt.ldflntlfInr 13 
idsfltiit h.no_r«p«tltlon«.itop.Jd«intlfi«r 14 
•dofln· h.p.limlt.Rt;«p.ld«ntlfInr IB 
•d«fin· chnng*.v«l.id)iintifIsr 10
•dofln·» mov.ldnntlf lar 17
Vdttflna trannntlr.only.m 
Vdaftn« trannnl i;.bni;h
typadaf unaignad Inn nl; 







•dafJna rotata.rtol 0 
■daflna rotnta.ltor 7
•dnflna atop.robot 0
/· claaa of notion of th® robot ♦/





•xt«rn void forRorialCnnalgnad Int):
nxtern void nopdalnyfnrhar); /♦ ®xt®rn®l proc®d\ir®a ■
1
l icbnr xdnt® Btt  [2l  r n f r l o n l  ; 
i ichar xdnt* hnf  fhiif l ® n l ;
*d«fln« robot.ntoppnd 9
FdnfInn roaltlonUpdataOk IS 
*d«fln« OovnloadOk 16
fdnfln® DownloadNotOk 17 




1 1 1 xdatn b'lfPI;
111 xdatn bnfnarkT;
I ichar xdatn ^polntr;
nxtnrn hit bit®: 
axtorn hit hltb: 
axtnrn bit bite;
nxtarn hit raad.hc2Bl(uchar);
Iichar  Idata a a r l a l s t n t i i a ;  
iir.har Jdata tlmaraar:
1 1 1 data tlmarl.cnt;
ul data racO.tvalua.data racl.tvalua;
1 1 1 data fIrat.ulttrt2);
1 1 1 data aaeond.ulttr(2]:
1 1 1 data no.a.laft;
1 1 1 data no_a_dona;
1 1 1 pra.no.a.laft!
Ill xdata h.no.a.laft;
III xdatn h.no.a.dona;





i iehar da t a  IB . t r a n a f l l  f 7 l ;
Iichnr d a ta  by ta . ramn;
ul  da t a  c ii r r .hnad. .poa:
Ii rhar da t a  t l o . v a l . d n t a  t h o . v a l ;
Iichar d a t a  d a l t a . p a r l o d . d a t a  h . d n l t a . p n r l o d ;
Iichar n o . r n p a t l t l o n a . a t a r t . h . n o . r a p a t l t l o n n . a t n r t ; 
I ichar n o . r a p n t l t l o n n . a t o p . h . n o . r n p n t 1t l o n a . a t o p ;  
Iichar p a r l o d . c n t . h . p n r l o d . c n t ;
Iichar nov.val i i f t .nov .B tap n.dona;
Iichar count :
III s t a r t . p a r l o d ;
Hchar h . a t a r t . p a r l c d :
Iichar h a a d . a t a t n ;
' 111 p . a t a r t . p a r l o d . h . p . n t n r t . p a r l o d ;
111 v n l o r l t y . c n r v n . p n r l n d . h .  vnl or. 1 t v .  r . ii rvn.par lod:
b i t  d a t a  a x t . I n t o , d a t a  « r t . l n t l ;
b i t  c h a n g ing .p n rl od:  
b i t  pnrformnd:  
b i t  p a n a n d l :
M t  datectgd;
M t  ult.ok: 
bit ok:
H t  trl.flrad:
M t  tra.flrad:












bit data motorl.dlr; 







ablt datain «PI ’0: 
obit atrobal ■ P} * 1; 
ablt atrnho2 »PI ' 7 :  
ahlt otrobaS »PI * 3; 
obit oalactQ «PI * 1: 
ablt aalactl - PI * 5: 
ablt aalact2 »PI * 6: 
ablt r.a.ram * PI ’7;
obit pln .O ■ P3 ' 2: 





/♦SERIAL PORT 002311---> 1*/
void rbanga.lnr.(vnld)
f
EXO -I; /•axtarnal 0 anablad*/
Ext ·!; /«axtarnal t Intarrupt anablad*/
If (tlmaraar!"nnt.tlwor) /»not tlmar 25Bt/
{ /♦aarlal tlmar working«/
/♦aarlal tlmar axplrad·/
PX1 ■!; /«axtarnal t priority bit«/ 


















void tlmart.lnt(vold) Intarnipt 3 uaing 3
f
tlmarl.cnt««;
If (parlod.cnt>»atart.parlod) /«If it la tlma to changa clocka«/
{
tlma.for.motorland?·»!:
parlod cnt»P; /«Initial lr.a parlod connt«/I )
alaa
parlod.cnt*«;
} /«and of If mo*-oT Innablad and motor2anablod«/
/^ *^^ Щ^Ц4*^ 44**^ HЦtH^ |4^t4*******4**4***4**4^***/
alaa If ((motorlanablad) »A ('motnr2onablad)> /«torn.If or tiirn.rb«/
i t (p«rJod.cnt>-stBrt.period) /* i t It In tlm· to changa clocka«/
{
tima.tor.Moterl· ! ;






nlaa If ((tmotorlanablad) kk (motor2anKblnd>) /*turn_rf or turn.lb*/
f
If (parlod_cnt>>atart_parlod) /*Jf It la tima to changa clocka*/
{
tima.for_motor2■l;





4 4««««««4«4««44«'f4«4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 * /
/*hoad rotation*/If (motorSanablad)
{
If (h.parlod_cnt>*h.atart.parlod) /*If It la tlma to changa aignala*/
{ ’ 
t1ma.for.haad·!;
h.parlod.cnt"0: /«Inltlallaa period count·/
}
a1 no




/♦for Kmn Intarnipt tirarl·/
old t imarO.  lnt(volf l> In t . nrr up t  1 l ining 3
ult.ok·!; /♦ whan rnngo limitation la arcaadad thla Intarnipt la axacutad ·/
>
/♦..............................................
void oxtarnain.lntfwold) Intarnipt 0 ualng 3
f
If ((trl.flrad) M  (tr2.flrad))
{
rac0.tvalua»(TII042‘;fi) 4TI.0;
aKt.lnt.0·!; /♦ axtarnal 0 antarad*/
If (axt.lntl) /♦ moana that axtnrnal Intarriipt t la antarad*/
HI
TR0«0; /* atop tlmarO Interrupt*/








void run.motor.atap(urhar motor.no.ur.har dlr.f.uchar dir.a.uchar flr.t.ul no.at 
( /*lf motorno··'! than thla naana that both of tha notora »111 ba running*/
/* dlr.f --> dlractlon flrat dIr.8-“> direction aacond dlr.t direction thlr
uchar atap.counter:
void axtarnalt.lnt(vold) Intarrupt 2 ualng 3
{
If ((trl.flrad) It (tr2.flrad)) 
reel.tvalua"(TH0*266)«TL0; 
ext.Inti·!: /* axtarnal I entered ·/
If (ext.Into) /* maana that external Intarrupt 0 la entered*/ 
TRO-0; /* atop tlnarO interrupt*/












gen.aignal(first.dlrortlonl,dlr.f); /♦forwar*! »•1 bckward»*0·/
no.e.done'O; 
mov.steps,dono"0:
g e n . a i g n a l ( f i r s t . m o t o r t . a n , e n a h l o ) ; /*  s t a r t  motor!  ♦/  
m o t o rl o n a b le d » !: / ♦ v a r l a h l o  t h a t  show the s t a t u s  o f  th e moto rs* /




i!"i»_»lgnal(flrBt,dlr«icnlon2,<Hr.i»); /»foruiird ■·! bckward·»©*/
no.B.done»0; 
mov.Br.Bpii.donB*0;
Son.nJgn·!(flrBt,motor2.«n,Bniihlii); /♦ start motorl */
mnr.or2BnNb1«d«l; /«variabla that show tha atatua o f tha M otora*/





/♦motor 3 --> hand of tha robot ia nlvaya nnablad ♦/ 
motnr3anahlad·!; /*variabla that ahow tha atatua of tha motera*/
/♦ for undaalrad hand rotation ♦/
)
/4 4 * 4  44A444444444444444  4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 /
•la« »f (motor_no"»d) /*hoth motora will ba running */
(
gan.aignalíMrat.dirartJonl .dJr.f): /«forward — I bckward— O*/ 
gAn.aignaHnrat,dlrnrMnn2,d1r.a); /«forward — 1 br>ward»n«/
no.a_don»"0; 
mov.RtApa.donoaO;
gan.aignoKflrnt,motor I.on.nnabln): /* atari motori */ 
gan.signal(flrat,motor2.on,onnhl·); /* start motor2 «/
motorlAnahlad't:






















gan.aignal(ascend.INFTO,anabl·); /«fire infrared 4*/ 
gan.aignal(ascend.tFFTI.anabla) 1
>
*nopdalay(2BK): /♦ " 2t ms wait «/
gan.signal (aar.ond.TRIF.N.diaahla); /♦ 741.S123 triggers on the falling edge */




/♦ A»0 aalacts tha second tranamlttar */ 
/* first make anahle high ·/
for(i-0;K-27;irO 
nopdolayf2BR): /« " 20 ma wait*/






gan.signal(second,A.blt.anabla); /* A>1 sal acta first tranamlttsr */ 







/· B»i selacta third transmitter ♦/ 
/* first make anahla high */
/* ■ 20 ma wait«/
gan.signaKsar.ond.TRIFN.dinahla): /♦ 74T,RI7.1 triggers on tha falling adga·/
for(l»0;l<»27:i*O /· (27*(11»(3*25B*2)))*2 cycles ·/
ala· if fultraaoni<-no"»d)
{
gan.aignal(aarond.P.hit.diaahl·); /« n»0 salerta fourth tranemlttar ·/
g‘«n..nl|(n4l(ii«conrf.TR?F.N,«n«hl«); h  flr«t m«1i· «nsbl· high */ 
foril-0;K-27;i*«)
nopd«lsy(25S); /♦ " 20 ms wait·/














void '^.ı»■n.right.forward(ul atap.mimbor) /* 1 right 2 loft·/
(




















































































Btrff·] t*)«(mov. VBliiB-m'iv.BtnpB.rfnnn) ;
BtrfOlfnliR:
)






i Btr[0)[R]»(pr*».nti.B,l"/··. » 2GS);
BtrroH'>l’'(pr«.no.B.l«fr. >> B):
























»old sto p .m o to T B .o f_robotO
(
R tn p .m o tn r ( l) !
B to p .m o to ri2 );







BtrioI(2j«2; /«langth axcludlnK Isngth bytaa«/
* tr[0)[3]■motor.mas _Idsnt i f1sr: 
strfO) [4]«iiiov_0k:





iiBs.thls«0; /♦Initial »alus for Msa.thJs·/
motorlsnabl»d«0: /♦ Initial Isa all nacasnary varlablaa ♦/
motor2anablad"0;
tIma.for.motor 1and2*0; 
t Ima. for .motor 1 «0; 
tlma.for,motor2«0;








b (г. r«iid.hc251(uehar pinmımhar)
(





















void gan.elgnaK'irlinr Ьг2Г.Рпп,і«;Ьчг pintin.bit t.data)
{
/*hc259nn 1...1 plnno 0. 7*/




































•lea If (hc2KPMo""7) 
etrob*2·!;




void manage.Ipfraradafblt Irl.blt lr2,bit lr3,blt Ird)
{
nchar 1:
/♦ axcltae Infrared tranemlttare and etora the return raeiilt In *f 





alee If (hc269no«a2) 
etroha2*0;








IR.trane[3l n i ’O:
in i
Jt«n.Bİ|qnal(fİrat,Inf.activ«,«îiKbI«); /♦ nxclta flrat İnfrarad*/




Tll.ttanat^] [nJfrnsrt.hcSSüKrocall 1); 
IR.r.rannr^Hll-roaflhrîKlfrncam):








f 1ra.infrarAddnfrarAd2); /* axcita aacond İnfrarad */




fİTA.lnfrarodnnfrarAiM); /»Axr.lta third Infrarnd ♦/
for (l*0:l<*lr.dolayt:I··) 
nopdol»y(lr.dAİay2);
ir .t.ranoC.'i) t0j"road.hr7Rl(rAcnll I) ;
TR.r.ranat.ll f n*rrtad.hr2'^I ( ram M  2) ;
gon.alijtnnl f f Irnt, lııf.nr.r IvA.dlnahln) · 














v o i d  I n l t l a l . r a i a ( v o l d )
{
C B . r a i B · ! ;
n o p d a l a y ( l ) }






R"n.algna1(thlr4,pr.motor3.anahlA); /*Q muat ha high now*/
void rotata.haad(nchar h.poa)
f
/* ganaratas tha corract aoqiianca for tha rotation of tha haad */ 
If (h.poB**A.poa)
{
g a n .a l g n a l ( t h l r d ,e u t p u t 3 .1 ,1 ) ;  
g a n .B İg n B İ( th lr d ,o ıı tp u t3 .2 ı  1) I 
g a n .B İg n a l( a a c o n d ,o u tp u ts .3 ,0 ) ;  














gan.algnal (aarond .outputS..4,1) ;
)










B t o p . m o t o r ( l ) ; / r a t o p  a l l  t h n  m o t o r a * /  















f lret.Mlttrtl]"0; /♦ Initial І7Ч t.ho valiiAO . t0]*0 жаапя whon flriH; 
trannmlttar In firod ,th« vainn of tho flrnt 
rocolvor ♦/
Aict.lnt0»0:
Ait.lnt1»0: /♦ Awtotnal Intorniptn ara not. antarml*/
rac0.tvalua»0j
rarl.tvalu«*0: f* InitialIxo rocolvar valtioa to z«ro */





 ^TF,0*0: /«rinnt pravloim ln*nrr«ipta·/
г.Ьапца. Inti) :
f I ro  n1 t.rnoon 1 r(ill 11 .■» I ) :




onrond.nltti ril'O: /♦ Initial Ir.a the valiinti , Γθ1«ο mnann vhnn flrat 
tranenlttor In firnd .thn valno of t.h« firnt 
rncnlvnr ♦/
«xt.lnin*»0;
«*t.lnft1«0; /♦ OKtornal Intarniptn are not nntarnd*/
rarO.tvalu··©;




atr fOl ΓΊ1 «trannml t .onl v ч1 traaonlf. :
Rr*0;
TI-0:
atr[0HRl’(r«rr.head poo It 0Ç7P0)/34fi: /«ЫцЬ byta 0. ..IJO·/
atrtOl ГИІ»(пігг .hand, poa » ?·>ί) :
TEt-0;





/♦ nin timar 0 ·/
If (flrat .iilttt
{
Btr Г0І Γ7.1-0; /«high by ta r.aro·/




Btr[0)[7]*((|rBt..iUf.rrol It er>2R0)/2fifi! /«high byta of langth*/ 
atrfOl rRl"if It"···.«! r.*;r fol t ?Rfi):
}











/♦ h ig h  b y ta  z e ro * /
»•».rroUoMfiriit.iilttrni » flS?00)/7Pfl: /^ hljjh byt· of Ungth·/ 





HtrfO] ri2]»(«*conH.iilt.t;rrol k 7RF):
>
i
ri ll*(<M»cond,«lttrrol * 66290)/25«; /thigh byto of longfh«/ 




"t.r [Ol [I3l"0; /*hlgh byt* zoro*/




^tr(0](13]«(*#con(I.«Jttrtl) » 962B0)/265; /thigh byt· of length*/ 
•trroHM3'*(*«conil.«lt1:r[ll » 755);
)
d*:rroHol"H; /tlongbh of th· noimiigot/
/ t ................................................................................
v o H  propnro. IR. rldt,i( )
(
/♦ i»®nd only Infrnrofl rintn ♦/
" t i  to] r n ’ O:
o*t (0] r7]»5;
nt.Tro] r3l»ddt;n.m«d Idnnt U ln r  ;
t^-r M ldt.ranfiiitlt.nnl V. IR ;
.'I
n^rtO] r sW r iir r .h n d d  pon k 55790)/250; 
d trfn l rR l ’'(nirr.hoJ»H .pofi » 7‘‘»S) ;
i»tr fn] [7 l» 0 ; / » In lM n l lr o  flrn t.« /
I f  (T R .t r n n d r« ir n l- r | )
■ trr0l[7l'»^ l;
I f  O R .trd n n fO ] r n · " · ! )
I«frr0l [7] •»7;
I f  ( I R .t r » n n [n ro V i- 1 )  
u t r r o i r f ) *»1:
^If ( l R . t r i i n i . [ n r i V - l )
■ » r r o ir T jf R ;




If (TR.tr*niit3H0) — I) 
or.rrol [7] ♦■64;
If (IR.trnni»t3] to··!) 
nt:rr0)[7]4«l28;
?
wtr[0]t7)"0; /‘high hyt· zoro«/




»trroH7)»fflrPf.wltt.rro] · r,52RO)/25r,; /*hlgh bytn of longth·/ 
»nrtOlt'n-iflrnt.nUt.rro) · 755):
)






















atrtn]tO)*-(fl»Bt.ii)ttrril * 6520O)/25fl: /»high hyta of langth·/




atrtOlnIJ*0; /»high byt· zaro·/




atirOiri1]-'(aoroiH.iin»»ro] 4 r,57no)/75fi; /»high byta of langth*/
"*irro7ri2]"(ii«eond.MlttrroJ ft 2BB)j
• f (»«conH.iilttrriJ<3!B(I) 
f
nfr fol [I3l"0; hyt· 7,«ro*/











nti-rol ff»l-ir,: /«Iniiifili of Hin mnniiiign«/
void ««pd.Hutn.tn Prfnrhiir datn.typ«)
{

















pr«pi\r«.»i1 tFAnonlr .^l««■.1 0 : 
hrn«k:









/* put Into huffor ♦/ •1b« If (ft.hoBd.poB>'»2<IO) ft» (t.hwAd.poB <· 320)) 
n.mng«»4;
void u p d B t n . h B B d p o s f i i i  t . h o i i d . p o B )
(
iirhBr r ..rn n g « « 0 .n .rin g B « 0 ; 
urh iir vB y .l»0 ,t»ay .2«0 j 
«1 n o .B t;
If ((ciirr.h«B d .poB > «0) ftft (c u rr.h « » d ,p o B  < 8 0 )) 
c.mng··!;
bIb« If ((curr_h«nd.poB>»80) ftft fcurr.hmid.poB < 180)) 
r . T B n g * « 2 |
«Is« If ((curr.h«sd.po«>«t60) ft* (curr.hoBd.poB < 210)) 
r.rang«>3:
«)«« If ((fiu rr,h«ad .poB > «210) ftft (c u rr .h a a d .p o B  <■ 320)) 
r.r«ngn"1;
If f(t.h«ad_poB > «0) ftft ( t .h a n d .p o a  < 80 )) 
« . r a n g « · ! ;
«Jn« If (< t,h « a d .p o » > « 8 0 ) ** ( t .h s a d .p o s  < 180)) 
n.rang««2;


















b ] b « If fn.rang«**·?)
{
n o . B t - ( t  .h « ·ı ı ·l .ρ o ·ı  -r« ii r  h n n d .p o i i)  ;
/♦ciirront hnad poB In araa \*f
/♦ iBBtlnatlon point Is In arsa 1·




W4jr. 1«(t.h flii(f.pnK -ciirr.hA m l.pon) ; 














I* (l«Hl:Jnntion point Ія In ягяя 3·/
/* (Ifletinatlon point Ія In ягяч 4*/
If (n.rnngn·*!)
f
/♦ cnrront ЬяяіІ ponJtton In ягяя 2*/ 







я1я«і If (t .bond.роя<гіігг.Ьоя4.роя)
{













way. l'ft.haad.poa-curr .hoad.poe) ; 
»»Ay.2A(320«rıırr.hAAd .роя) -t .hAad.pon;
«ІЯЯ if (п.гйп|ігв*ч2) /♦ dnatlnatlon point Ія In ara
/♦ doRtlnatlnn point Ія In агя
/· dnatinatlon point Ія in ara
rotntAhAad.countercloRkwiaa(no.Rt); if («»ау_1<»»іяу.2) 














/*curr«nt haad ponition in агав 3·/ 
/* daatination point іа in araa it/


























/· daatinatlon point ia in araa 2*/










/♦currant h»ad pnattion In art 
/♦ dantinatlon point Ія In ara
/♦ dantinatlon point In In ara


























/♦ i1«et.lnatlan point Ія in area 3*
/· doHtinatlon point Ія In агяа 4*
nirr.h«?ail.p""í4·.. Ноя4.роя;





/♦ роіяг.г lonf,th I gootoriyor«/
t.lon«*pointr: 
nwitr.h (t,l·)
гаяя tlo_val .iflontlf Ι·γ:

























1 я п . 1 о я » « р о 1 я к т ;











point! ·* ; 







If (t.lan"*1) /«lon^i.h ІЯ Іяяя than 3«/
{
poiotr'·:



























rano h.valnrj ty .roTvo.pnr loH. Jdanr.J f Jar;
if (^..lαn■·'·l) /«loii|r»b Jn laaa ».ban 3*/
(
poJntr··:














If (t..lan'*0 /♦langth In lann tbnn 3*/
{
polatr«♦;











/ 4 , , 4 4 * 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 * 4 4 4 4 4 4 4 * 4 4 4 4 4 4 4i . 444444444444*/
m a n  h.daltn.parlod.ldantlflar:









poiatr ♦ » 5  
l«n.low»apoiatr;
h .d a l t i i ,p a r lo d » n a n ,h ig h ^ 2 B(0  «Ian .low;
}
braak;
/4 44 44 , 4 44 * 444**4444











no.rapatl tlona.star t«(lan..blgh*2Rfi)· lan.low;
)
brnak:
cnao b.no. rapot 1 tlons .start.. Idantl f lar:












h .n o . r ‘*p< * tit!on ii.(itiirt."(lnn ,hJííh*2B P ) О я п .іо ѵ ;
>
ЬгилѴ;
/ » * 4 4 t * 4 * t 4 *  4-4 t 4 4 * * 4 * * t 4 4 * 4 4 * 4 * » 4 * * * t * * t 4 4 4 * » 4 * t 4 4 4 t * * 4  *****■*»/
гая« no.ropotitlnnfl.vtop.Jrt«ntifi«r:

















I f  1) / 'lo n i^ th  ІЯ loan  than  Ί * /
! (
p o |p t r · · ;
h..no.T«p«t 11 lonn . n topn*pn1n tr ;
)
«ІЯ9 I f  ( t . l o n » f 9 )  
f
p g ln tr*  « ;
l« n .h lg h ’”*priln tr :
poİBtr«·;
1οη.1ου**ρπ|«Μ  ;
h .no, ropo 111 i ппя . η tope· ( 1 «η .h 1 (¡:h^ 7BP) · 1 on. 1 ow :
.4 }
h rn n k ;
/ 4 , 4 , 4 , 4 4 , 4 4 , 4 4 . . . ....................  4 4 , 4 4 4 . 4 , , 4 , 4 4 4 4 , 4  4 4 4 , 4  4 4 4 4
Г «ЯР p .H m l |·. n to p . H o n t l f  In r  :
i f  ίί.1βη-·^«·|) /«Inngt.h  Ія 1«пя than  Я»/
f
p n ln t r « ·;
p.l^ nı^ t,яtppв♦pπ^яtr ;
)
РІЯО I f  ( t .lo n f '3 !>
{




p . H m l t . * t « p p ( İ p n _ h İ g h * 2 6 e ) « l « n . T o w ·
У
Ьг«аѴJ
/ * 4 4 4 4 * * 4 * 4 4 4 * * * * 4 * * 4 4 * 4 4 4 4 4 4 * * 4 4 * 4 * * 4 4 * * 4 * * 4 4 * * * 4 *4 * * 4* * 4 * 4 ***/  
сяяя h.p_Hialt.«tep.l<l«ntlfl«r:
If (t.Ien··!) /*l«ngth Ія ІЯЯЯ than 3·/
{












/ t t , i  4 , 4 4 . 4 * * 4 4 4 * * 4 4 * 4 4  *44 * * 4* 4  4 4 * * 4 * * 4 * * * * * 4 4 4 4 * * * 4 * * 4 4 4  4* 444*/
гаяр lr.fl«Iayl.iil«intifl«r:






p o İR tr« ·;
)« n .h lg h » * p o |a t r ; 
p o la tr»  » : 
î« n . l r u « * p o in tr ;
1 r.d«l ay 1 я ( 1 nn. h I gh « ♦ 1 «n , 1 nw ;
)
h r« a k ;




























/*4.4.4.«4. •.•44.4*·«··.444«.4. «.44444.44.444 4.








роіяг.м*; /«-pointr MOW nlii'un »-hn Ьп^ішііпк «f пои infnrmHi;inn «lonont*/
)
/♦...........................................  ........................... ♦/
Vf»ifl 4 «ηηρ,«.Ηηιιη1ηη·| tnıpınp4n(i
(
4<-h«r İnf .«lemon·· : 
iırh«r i«.l«njr;
p^f^rformpH® i ; 
nxl: = l : /»«Iwnyn i« βχΐ«····*/
wbile (βχ·.''»!)
f
«x^ :τ(♦po^ ı!ı^ г · t?4): /«point-r now «hnv« t.h« infnimnr.ion «1
inf.nl«niont’'(*poi«t:r ft І77): 
r«4»i.i«f inf .olomonn) :
>
....... ........... .
1f (p«T fo r»« '0
ronf lrm.PC(7) ; /· «rrepf flownln«·! ♦/
e lf«1




«r.b«r H 4tR ,r«<i.typ«;
III h«R(f.po«; 
n rh « r l o . h l ;
If (m4n.«İRt4>"»l) /♦ ii1r«Krfy η«ηη|ζ1η|ζ rtnt« ♦/
{























/ ·  on ly  in »IrMi in Miqnent-Rii * /
/» hnlh «ilKrRnnnIr «nH in iIr ·:« reqwenrort ♦/
woici nRnRi[«.nOtor, r« q i|o« tnO
{
iichnr motor.m»n.typ«.IiiRh. Inn^.low.lonm:
IiorH poR-(5i;n»hl ) · Io : 
iip/|n t« .rom p»0:
<ιρ·Ι.ι7.«_1ι«4Ίροη(1·«η»1 .pon) ;
nwli·. hfHRi R .roq.ryp«)
Í
rRf.« r rR n n n it.o n ly .M U rn n o n ir .;  /♦  on ly  n lr rn n o n lc  «İntR in  roqiinnrnd ♦ /
motor.mnn_tvp«»«polnrr: 
polntr**;




n o .n .left;» íh lp { h .le n n * 2 P 6 )O o u .l.i« n n ; /*niimhi»r o f « to p e * /
• f (n o .» .1 « » ft> p .l in itr .iir .op )
(
uno. г,Мя-«1; /♦uno volocjr.y curvo*/
orort. porloii-voloclry .curvo.poriofi: /♦volorlry curvo period*/
)
ol 40
I»r. Лr t. por i od*p . e tn r r,.por i o d ;






iHovo.hcliwordíno.n .1 ofr.) ; 
biочк:
Г1П0 t u r n . I f :
turn.loft.foruord(no_fi_lofl;); 
brook;
roso turn.rf: /*t«rn right forword*/
turn,right,forvord(nn.o.loft); 
brook;
COSO turn.lb: /»turn loft bckword*/
tnrn.loft.bckwordino.s . 1 oft); 
brook;






rano rotato.ttol: /»rntoto right to loft*/
tnmtn.r IgM . I ti Inf) flirt.n lofr); 
brook;
rano tol Ol.n 1 till · /«iniNin li.fl. In lls.bt*/






void Inrpoint fiiiinig'inil int *orr) 








uchor *FindHom (ui b)
Í /♦ roturno tho addrnnn«/
r o t u r n  ( » b i i f [ b j ) ;
)
/♦.........................................................................*/
ui l.oiiStr (uchor xdata *lfr)
f
ul <·:








/ · .............................................................................................................................. Ч




if (a > hufPI)
roturn (a > Ion * bufPI) ? 1 : 0; 
olno
roturn (buflon ♦ a > Ion * bufPI) ? I : 0;
)
/·..........................................................................
urbar PiitlnTQ fur.har *ifr)













ul TFramoUp (urhor *ifr )
f








I n r P r i i n r f J I b u f i n ) ;
, l o n g t b - - ;
1··:
InrPolnnObiinU);
1 nn(j;th-- j 
1 - ·; ’
InrPnlntOkhiif nr);












I f  i H t n ’- l )
f
nnr lMl№l:nl:iin»rrniii«Rv Ini (): 









// ninnnngn Jn nr.nMifc nnklng
// nnn»F nr.ntnn
// M t  r»I nrnrn-->l t I
// Mn»! Inngrh of rho monnngn
// mnrn.-ign Iniigfh >1 vnlld nmnnnp;n







II i q ;
iirhnr typn;
poinrr»»prrf n f?1: 
t;yp«*s*pointr:
I I  poll·«, to Ml« rnmlng mnnnngn 
I I  dol'ornin« typo of nnnnngo
U  (rvpn*''p«rpilnnlo«> //pnrminiplnn to nond Ninnnng« 
( //monnn rondy to rocoiwo mom







( I I  m nf Igin ntinii iipdnto
polntr··:
mnnngM.downIond ro q iin n tn O ;
«Inn Jf (typooontnttin) //«tnrun ««king 
forntntimO;
«)»« if (typo«"motor.ino·.HontifInr)
{ // monnngn rolatod to motori
pointr·*;





















if frim«.foT .«of-or Inod?' U  two motorn nrn rnmiiog
f
tiwo.for motoT l.'Midi-O:
If ((CU0.1""OU(CLKC.2— D) 





no.o.loft--: /♦dorromont no of stnpn*/
no.s.dono*«; /♦Inciowont no of stops dons*/
no.o.loft--; /»docrsmont no of stops Imtt*/





nrart.pnriod"stort.p«r{i>d-dsltn_por1nd; /♦docromont porlod*/ 
rlionglng.porlod·!;
1
oloo !f ((no.H .loft<»i'io.ropotltlonn.stop) (no.o.lsf tf "0 ))
{
s^art.porlod^start.porlodidolts.porlod; /♦Incromont porlod*/ 
changing.porlod"l;
)




also If ((CLKG.1— 0)»*(CLKC.2— 0))




start.poriod*ot«rt.porInd-drtlta.porlod: /«Horromont porlod*/ 
changing.pnrlod·!:
>
•Iso If ((no.s.l«ft<»'no.r«pot1t1ons.n*npl kk (no.s.loft!»0))
(
stBrt.por1od«stnrt.poTlod»d«lta.parInd: /«Inrrsmont porlod*/ 
changing.porlod*I;
)













poll.signal(first,motorl.on,dlsahlo); /♦ stop motor 1 */ 
got-.s1gnal(fli-nt.motor2_on,d)aablo) ; /* stop motor2 */ 
ronf Irm.PCd):
If fuso.thls*·!)
ii*.o.,thls*0; /«Initial vsluo for «so.this*/
)
>





gsn.signal (thlrd.CI.Kl .0) :CI.KG. l-O;
no.s.loft--: /*dsr.rsmsnt no of stops loft*/





start.p«rlod»stsrt.psTlod-dslta.psrlpd: /«dscromsnt psrlod*/ 
changing.parlod*I;
>
tins If ((no.s.loft<»no.r«pot1tlons.stop) fno.s.lsft!*0)>
(
8tart.pnrlod"start parlod»dolta.psrloH: /·tiicromsnt porlod·/ 
changing.pariori*!;
)




slss if (CLKO.I— 0)
(
gsn.s1gmal(thlrd,C|.KI,t):C(.KG.1rl:
no.s.loft--; /*docromont no of stops*/
no.B.dons**; /♦Incramsnt no of stops dona*/
 ^ If (iiss.thls)
(
If (no.s.dona<oiio.ropst|i.|nMs oiaii)
RMirn..pnrlod«iit»rt_pAriQd-fln1 t*.p«riod; /♦d«t;r«*ni*nt porlod*/ 
chRnr,1r()(.pftrlod«l;
)
«In« If (<no.«.l«ft<*no_r«ip«tltlonif.Rtop) ».fc (no_«.l«ftl*0)) 
f
ntMrt.p<»rlnd*Rtiirt.pprlnd«d9 lta.p«irJod; /•Jncromant p«rlod*/ 
changing.pnrlod·};
)





UB8.thla«0: /♦initiaj valuA for nao.r.hia*/
)
)





gon.B ignauthi rd,ri.K?. 0) : riKO..?«0;
mnv.Rtapa.dona»«l










no.B.lBft--; /«dortomnnt no of ntopn )«tft*/





Btart.par i od·»!! tart .period-dol ta.pnr i od; /^dnernmant p«r iod·/ 
changing.pBriodWl;
5
«1«· if ((no.R.loft<"no.rapatitionB.atop) »» ino.B.l8ft!"0 ))
{
start.perind-Btart.p-riodMalta.parind; /«incromont period*/ 
changing.period-1;
)







no.s.left--; /»dacrBrnant no of Btapa·/ 





•tart.periodeBtort.poriod-dolta.period: /*decr«mBnt period*/ 
changing.period·!;
)
•lao if ((no.B.laft<*no.rBpntitlonB.Btop) AA (no.B_lBftl"0))
{
Brart.period*Btart.pBrlod*de1ta.period; /«increment period*/ 
changing.period·!;
>










if (no.B.left»*0) /«time to dtnahlo motors*/
{
motor2enBbled-0;
gen.signal (first.motor2..en.dlBaMn) ; 
confirm.PCd);
if (use.this··!)




fj: if (time.for.head) /* rotation of the head */
(
time.for.head-0;
if (dir-*1) /* olnr.ItwiBe rotation ·/
<
if (head.Btate»-A.poe)






































) /«and of аіяе·/
h.no.я.left--: /»ΗβοΓοίΑοπη no of ataps left*/





















( // arquiren the required type of data acquisition 









el.«· if ((count··!) At (tr!.flred""0))





{ /* both data ia fequeatad */
if (count^«0)
(




else if ((ίοηιιη·»!) *A f ti !.f irad**0) )
f




nine If ((count>«2) Aft (trl.flred«»0) AA (tr2.flred"«0))
c




i t ((man.ult··!) M  (man.hoth··!))
{
!f ((«xt.lnto··!) AA (ext.lntl··!)) /♦both Interrupt· handled*/
III t.oh·!;





ТЯ0»0; /* etop timer 0*/
rnetore.intO;
Jf ((ext.Into··!) AA (rec0_tvalue?»0)) /*external 0 Interrupt 1· entered*/ 
fIrnt.ulttrro]»(Tec0.tvalue“(tho_val*2Se*tlo.va]));
/♦ and a value etored for timer*/
/••uhtractod becaune timor le not atartod from zéro*/
If ((ext.liitl··!) *A (rnrl.tva1un!*0)) /«externe) ! Interrupt le entered* 
flret.ulttr[l)«(rnc1.tvalue-(tho.val*25<!«tIo.val)) ;
/* and a value ntored for tlmer*/
/♦•ubtracted becaiieo tlmer le not etartod from zéro*/
)
e ln e I f  ( t r 2 .f l r e d )
{
tr2.fired"0;
TR0»0; /♦ ntop tlmer 0*/
reetore.lnt();
H  ((ext.lntO··!) ·*. frnc0.tve1iia!>0)) /*nxterna1 0 interrup' 1· entered* 
Becond.ulttrrol»(rec0.tvalue-(t.ho.vnl *2r»0«tlo.val ) ) ;
/* end e value etored for tlmer*/
/♦ eiihtracted hecauee tlmer le not ntarted from zéro*/
If ((ext.lntl··!) AA frort.twaliin'»0)) /«external ! Interrupt le entered* 
• econd.ulttri.!)-(rec! .tvalue- (tlio.val*2r>0«tlo.val)) ;
/* and a value atored for tlmer*/












IF. *0; /«diaable all Interrupt· flrnt*/
1
FTO »!: /«timer 0 Interrupt enabled*/
FT! ·!: /«timer ! Interrupt enabled*/
FT2 ·!; /*tlmer 2 Interrupt enabled*/
FS·!: /*яег1а1 Interrupt enabled*/
PT1»I; /«timer 1 ha· priority*/
TR!*!; /«run timer! */
TR0»0; /«don't run timer 0*/
lEl-0;
TF0»0; /*for prevloua Interrupte*/
T2C0N»B2; /«RclK .Trlk eet timer 2 etarted·/«
RCAP2H-2S5; /«for ‘<9100 baud rat·*/ 
RCAP2L-246:
SOON-Ü2; /*R hit HART variable frequency*/
FA ·!; /«Interrupt· enabled nr dleabled by their own hit·*/
)
/· H I  ■!: external ! Interrupt type felling edge*/ 
/* ITO·!; falling edge type external Interrupt 0*/
m * 0;





ТН0П"17; /«timer 0 and timer ! !в bit timer··/
tlo.val»218; /*default 70 rm*/ 
tho_val»22!;
ШИ!«»; 





























tr2.flrod»0s /♦ iiltrnnonle tranamJttara ara not flrad·/
Jr.dalapl-S;









uaa .thlB*0 ; 
«Ba.thjB.h«0 ;
/« dafault conatant apaari valua for motor control*/ signal(flrat,Inf.artiva.dlsabla): /«dlaabla Infrarad*/ 
initial .a.algnalO:
p.atart.parlodaTO; /*1 sac for 6ma Interrupt*/
h.p.start.parlod-36; /* slnca twlca tha fra(|uancy 70; */
start,parlod»70;
valoclty.curva.period·100;









w h lla ( l)
!
look.pc.atrlngO: // pc raquaata handled bora
motor.aJtrltatlonO ; // motor raquaats handled hare
data.acqiilaltinnO; // data la arqiilrad hare
no.rapatltlona.atop«4;
b.nn.rapatltlona.atop«2;
p.limit.Btap-20: /*lf number of atapa is greater than 20 than velocity curve all
h.p.limit.atap"20;
mov.valiiawSO; /«default value for */ 
atop.allmotoraO; /«atop all motors·/
****^ »^ **^ t***^ *****^ *»*****»***·f****************************
FTlAnnma: m.>iSl DiitB:lP.8.t997
* AnnAmhlor cod· of th· anri·! rotitln· i.hiit la ua«d by th« mobll·
♦ robot. Compll· with A6I from Kail Elortronlc· VorBion 3.0 or
* tbov·. link with rhm30.0BJ with I6t Kail llnkor for th· final
♦ cod·.
« Ry: SANER KURDAY
; rO»*tlmArBor 
: r2«low of total 
: r3«hlgh of total 
! rd-dpl 
: rS*dph

































hita BIT Mtaoint 0
hitb BIT hltsaint.I using 2
bite BIT hitsalnt.2 mov ARE.Vhlgh(atr«(strinn)) ;mov dph to r5
: RSRG 7BIISEIHT 
;hita : DBIT 1 
;hlr.b : DBIT 1 
.hire ! OBIT I
RSEO ?PR?.nopdalay7SEINT
















;mova highbyta to r3 
;mova lovbyta to r2
;mova totalbyta to caum>r7
using 2

























;maka stata of sarial channal 0'
:aand high hvta of langth
?PR?urlte_to.mora7SF.IHT













































































¡error obaarved no at· 0 1 0
;at· 0 1 1 and r3.«2f«0,0
;nt· 0 I 1 and r3*0 and r2*0
























:lf atatiia ank. datactad at· 1 I 0
clr SCON.I
































aftar aandlng last byta at* 0 0 0
A.5.2 Softwarn on Uin PC Rlnelnda "e:\Knlman\rbmalA opa lion.h"
Filanama: rbpc20.c Data:lS.B.1997
 ^C coda of tha PC program that control a tha moblla robot for 
* dynamic obatacla avoldanca. Turbo C«« varalon 3.0 ia uaad 
> Linear Kalman filter and Dynamic obatacla avoldanca la managad 
' baaidoa tha aarlal communication protocol with tha robot.
I Nouaa aoftaara muat ba loaded to another port than thla program 
' uaaa
* Ry; SANER KURBAY





■define turn.rf .x.ronat 1 P2F.-2 
■defina turn.rf.y..conBt 9.0RRE-2
■define turn .1 f .x.r.onet I.F2E-2 
■Jdaflna turn.lf.y.r.onnt 8.R4E-2
■daflna turn.rb.x.ronnt 1 .RO.SE-2 

















■daflna turn. Ib.x.connt I 3PF.-2 
■daflna turn.lb.y.conat 9 42RE-2
■define rotate.ccw.r.count I.77R-2 
■define rotate.ccw.y.conet 0
■define rotata.c«.* .conet 2.I4SE-2 
jR/iaflne rotate, cw.y.rnnet 0
■Include "e:\kalman\cbmat\cbmat.h"




■dofln*  t l n . v s l . J d n n t i f i « r  0
t h o . v a l . l d v n t i f l o r  I
• d o f ln ·  p . R ta r t . p o r l o d . l d o n t l f l o r  3 
■ d o f in · v o l e c l t j . c u r v A .p o r lo d . ld o n t l f lo r  3 
•d o fln o  d o l t o .p o r l o d . ld o n t l f l o r  4
V doflno n o . r o p o t l t l o n o .o t o r t . l d o n t l f l o r  6 
Vdofino n o . r o p o t l t lo n s .R t o p . i d o n t l f l o r  6 
•d o f in o  p . l lR i l t .R t o p . l d o n t l f l o r  7
» d oflno  I r . d o l o y l . l d o n t l f l o r  8











•dofino TorI tlonUpdntonk tS 
•doflno DnvnloodOk 16 
•doflno DovnloodNotOk 17 





•doflno h.no.ropotltlono.Rtnrt.ldontlflor 13 




•dof inn movo.f 
•doflno movo.b
•dofino tronnmlt.nnly.nltroonnlc 0 
^•doflno tronnmit.only.fn I 
•dofino trnnRmlt.both 7
•doflno null 0
•dnfino co1Ioctlng.uItrnoonlc.dntR 1 
•doflno co11octlng.IR.dntn 3 




•dofino olzo 40 
Vdoflno v rIzo 10
•doflno buf.olzo 100





•doflno control.word 0x43 // 83B4 Progronmoblo Intorval Timor
•doflno tlmorO 0x40 // nddrooR vnluoo
•dnfino tlmorl 0x41
•doflno tlmor2 0x43
typodof unolgnod chnr uchor; 
typodof nnaignod Int ul;
// Knimnn f11 tor dntn typo doclnrntlon











 ^ matrix.t R;











patrlx.t F.T, M.T, W.T. S.I: /♦ Tomporary ntnff ♦/
mntrlx.t tXXl, tXX3, tX. tZX, tXZ. t7.Z;





«niim Rrrnr· {nowrror· 0, 7.«rol<ingth, Isngthnrrnr. chackiiunorror,ttm*otir}; 
’■•ypo'l«f «niim Enor· Error«;
Errort« Errorcodn;
«niim booloan {t,rn· · I, fula« ■ 0 ); 








Int hiif. lar, Icr, mcr, tar ;
Int atl. tl, NaxFTvait, Ion · 2;
Int rh.tlm«,rb.al_tln«;




unbar atlfHail. m2tMnx] : // ntringa uaad for ««rial conwuinicario
uchar mOrMax], m^FMaxI; 
uchar f1;
uchar aariiit, countar. kay;








ul fir«t.ulttr[2].«acond^ulttrf?!; // data atorad in the««
uchar lR.tran«[4lt2]:
uchar tlo.val.tho.val.no.rapatltiona.atart.no.repetition«.atop; 













atatic conat XDIM ■ 4; /* x(k),vx(k),y(k),vy(k)v/
atatic conat EDIH "4; /* aaia« a« above */
atatic dotible pnolae.x.nolae.vx.nolae.y.nolae.vy.nola·;
atatic double alpha,delta.time,delta.tlaie.tniapaO. «tlaieetap.current.time;
int file.eaiptyBO;

























// global vartablea for aiaaaureaient 
// time for X and y global valuea
Ill update, и tips;
iirliar роя.iip_comp av.cc ,col I lnlon.(I»t9ct9c) ,ro11 iHlon.dfltQCted.t; 
iir.hBr со1Т1я1оп.соип11»г,1 Ima.to.fnt*r;
1 1 1 fliter.counter,robot,cc;
// v^rlablee for robot and obotacle

















//periodic number of atepa left
tir.bar flrBt.ohlact·!:
iicbar pba . com I ng. f rom. r 1 gb t»0, oba. r.oml ng.f rom.. 1 ef t«0;
1 1 1 rlght.counter«>0.1eft.r.nuntAr»0; 
iirhar hend.apeed;
//.... -................................................................
// rrocediirea that are need In the program
//.......................................................................
vSld Tranamlt.data.reqiiirher ,ul ); 
void Bond.motor_rommand(iir.har ,ul ); 
void Incom(vold);
void InltComPortdnt baud , iirhar uordlengr.h ,
boolean nneStopOlt, boolean Rnabl«Parity, boolean KvenParlty. boolean R«n 
void Jlele.-iPortfiicbar Cp); 
void LnopuiitllReadY(void);
Int Preaeni;7lme(vold);
boolean Recel veBytofijrhar ‘!>"i lalByte) ;
void ftendHeaaHgeCur.her HeaoagnrHax] );
boolenn TlmePaaoeddnt CountlOHa, Int StertTlme. Int *R1apaedTlme): 
void Recelvefur.har RnapnnanlHaxl) ;
void TranoH«a(urhar HnaaagefHaxI, iKhar RenponaorHaxl); 
void Preparei Int k );
ucbar SeMd.lt(ur.bar HearHaxI .iicbar RoapTHexl); 
iicbar Fkey(vold);
void RnaetComCucbar r.ompoitHo, Int baud, urbar wordlength, 
boolean OnefEtopRlt. boolean F.nableParlty, 
























void Interrupt tlm.lnt(..CPPAROS); /♦ Interrupt prototype ·/
void interrupt (•oldfunc)(.,CPPARCS); /* Interrupt function pointer ♦/
FKF.r FKF.create (int XOIM, Int ZDIH, Int name, matrix.t 
(•meaaureFunc)(vold) ); // createa blank Kalman filter
i
RKF.t RKF.update (RKF.t f): // updetea the Kalman filter
void report.Inlt (void); /· Tnltlellr.e reportage fllee ♦/
void report.cloae (void); /♦ Clone reportage fllea ♦/
void report (RKF.t f, dnubla time);
/♦ Produce report of EKF'e cut rent atate ♦/
void report.Inlt(vold)
/♦jOpen fllea for Report */
f
fl ■ fopen("roaiilta\X..eat.flt". "w"); 
f2 · fopenC'renulteWx.eet.flt", "w"); 
f3 ■ fopenf’reaiiltnW.eot.flt*', ”w"); 
fd · fopen('’reaiiltB\Vy.eat..flt'',''u·') :
fR ■ fopenC'reeulta\X.pr«d.f 11", ”w''); 
f6 ■ fopenCreaul taWx.pred .f 11” , •'w'*): 
f7 · fopenC'reaultaW.pred.flt”, "u”); 
fR · fopen("reeulta\Vy.pred fit”, "w");
f9 ■ fopenC'reaul taSX.mea .lift" , "и”); 
flO· fopenC'reaul taWx.mea . I l f  t", “ii"); 
fll· fopen(”reaulta\Y.mea.lift", "u"); 
fl2· fopenC'reaultaWy.moa.uft". "w");
мл» fn p « n ("r«e iiltB \In n o v .x .flt", "w "); 
fH *  fnp«n("r«R M ltB\Innov.vv.f]t", "w” );  
flB» fn|Mn("re0ultB\Innov_y. f i t "  , 
fW?· rop«n ("r«n u lte\Tn n ov.vy.flt". "w ");
void r«port(F.KF,t f, (tniihln tim«)
/♦ ЕКГ'я current Btnte иге reported ·/
{
double d>IB!>.rne.rbh.X.net,Vx.ent,Y.eRt,Vy.eet.t0 .t1 .r.2 ,t:i;
Г17» fopen("raeiiltii\ReR.uft", "w"); 
fl«· fopen("r«Riilte\Rbb.uft". "и");
fli>· fnpen("rRRiiltR\Rbt.x.tift", "w"); 
f7Ci· fopen("reRiiltR\Rbt_y.uft", "и"); 
f21· fopen("rRRultR\Rbt_th.nft", "w"): 
t77· fopen("roRiiltR\Tx.uft", "w"); 
f23· fopenC'rRRiiltRVTy.tift", "u"): 
f?i* fopen("rRRUltR\tlma.iift", "w")j
)
void r e p o r t .c lo s « ( v e ld )
/ ·  CloRe re p o r ta g e  filR R  ♦ /
{
f r .Io R e ( f l) ;  fc 1 o R e (f2 ) : fc 1 o a e ( f3 ) :  f c lo R e ( f l ) ;
f r lo e e ( f S ) ;  f c lo R e ( f e ) ;  fc lO R R (f7 ); f r le R e ( f e ) ;  
f r lo R e ( f 9 ) :  fc lo R e (f fO ) ;  f c lo R e ( f l l ) i  f c lo R e ( f l2 ) i
f c 1 o R e (f l3 ) ;  f c lo R e ( f ld ) ]  fc lo R e (M 6 ): f e lo R e ( f ie ) t  
fc 1 o a e ( f1 7 ) :  f c lo R e ( f l8 ) :  fc lo R e (f1 9 ) ;  fc lo R e (f2 0 ))  
Г г1ояе(Г21); f c lo R e (f3 2 ) :  f r .lo R e ( f2 3 ) : fc lo R e (f2 4 ) ;
)
/♦............................................................
fprlntf(f 1 ,'7g Xg\n". ttire,o(f->x_eet.O.O)) 
fprlntf(f2."Xg XgXn". tlme,e(f->x.eRt,1,0))
i
fprintf(f3,"7.K 7.g\n". time,e(r->x.eet.2.0)) 
fprintf(f4.'7.g Xg\n", time.4(f->x_«Bt,3.0))
fprlntf(fS."7,g 7.g\n". time,eff->x.pred.0.0)) 
fprlntf(f0,"7.g 7.g\n". tlme,e(f->x.pred. 1,0)) 
fprlntf(f7,"7g 7.g\n". time,e(f->x.pred,2.0)) 
fprintfffB."7g 7.g\n", time,e(f->x_pred,3,0))
fprlntf(f9,"7.g 7g\n", tlme.x_moR); 
fprlntf(f10 "Xg Xg\n", tlme.vx.meR); 
fprlntf(f 11 ,"Xg Xg\n·', tlme.y.mea); 
fprlntf (f l2."Xg Xg\ii". tlme.vy.meB) ;
fprlntf (f 13,"7.g Xg\n", tlme.e(f->n«.0,0)) : 
fprlntf(fid,"Xg Xg\n". t1me,e(r->nn,1.0)): 
fprlntf(fIS,"Xg Xg\n". time,e(f->nn,2,0)); 
fprlntf (fie,"Xg XgSn", Mme,e(f->nii,3,0)) j
fprIntf(fI7,"Xg Xg\n", tlme.raa.g): 
fprlntf(fie,"Xg Xg\n", tlme.rbb.g);
fprlntf(f 19,"Xg Xg\n", tlme.ciirrx); 
fprlntf(f20,"Xg Xg\n", time,curry); 
fprintf(f21,"Xg Xg\n", tlme.curr.thetR):
/V......................
void dver.free (dver v)
{
free ((rher ♦) v);
)
letrlx.t mat.new (Int r, Int c) /♦ r rowR, e rolR  ♦ /
fprlntf(f22,"Xg Xg\n", tlme.tx.g); 
fprIntf(f23,"Xg Xg\n", tlme.ty.g); 





// Vei;tor and Vector Operation Deflnltlona
Iver Ivector (Int n)
{
Iver 1 e malloc ((unalgned) n · alzeof (Int)): 
aaaert (1 !■ NULL /*Vo memory for Ivector*/); 
return 1;
>
dvec rivector (Int n)
{
dver. d - malloc ((iinelgned) n * Rlxeof (double)); 
aRRert (d ?· MUl.L /*1»о memory for dvector*/); 
return d;
)
m ■ (dmat) malloc ((unRlgnad) r * nlzeof (double *)); 
RRRert (m !·· NUI,I./«Mo memory for matrix·/);
for (1 »0; 1 < r: I'O
{
m[n ■ (dver) mallor ((unalgned) c ♦ elzeof (double)); 
R R R e rt (тГП ' ·  HIM.I./♦Mo memory for matrix·/);
)
a ■ (matrlx.t) mallor ((unalgned) alzeof (Rtrur.t matrix)); 
RRRert (a ·■ HUM. /*Ho memory for matrix·/);
a->mr ■ a->r · r: 
l| a->mc ■ a->c ■ r; 
a->mat · m;
foi (1 ■ 0; 1 r r: 1«·)






v o H  lvBC.fr·· (lv«c »)
{
fr·· ((rh«r ♦) v);
>
/♦......................................
void miit.fr·· (matrlx.t m) '
{
int 1, r: 
r · m->r;
for (1 «O; 1 < r; !♦»)
fr·· ((char ♦) m->matri]); 
fr·· ((char ♦) ia->inat); 
fr·· ((char ♦) m)I
>
/♦......................................




m ■ mat.n«w (n, n);
for (1 · 0; 1 < n; 1*0
{
for (J » 0: J < n: 1·*)





void qmnt.mpy (matrix.t c, matrix.t a, matrix.t h) 
// r.(r.c) - a(r.X) · b(X.c) X MUST PF, TIIF. SAME!
·'·' lot 1. J, X; 
doiibl« niim;
aaaart (c !* HUM. M. a *« NUl.I. fr* h ·* HUM.): 
aannrt (c->mr >·■ a->r *fr c->mc >» b->r fr* a->c*»b->r);
c->r · a->r; c->c · b->r;
for (1 ■ 0; 1 < c->r; 1*«) 
for (J · 0; j < c->r: j«*)
{
•urn ■ 0.0;
lor (X · 0; X < a->c; X**)





void qmat.tran· (matrix.t d, matrix.t a)
// d > tran»poa«(s)
{
lot 1. j:
aasart (d !· MULL A* a (· NULL); 
aaaart (d->mr >· «->c A* d->mc >* a->r):
d->r · B->c; d->c ■ a->r;
for (1 · 0; 1 < d->r; !♦♦) 




void qmat.add (matrix.* e, matrix.* a, matrix.* b)
// r, ■ a ♦ b
lot 1. j;
aaaart (c !- NULL AA a !- NULL AA b !· NULL):
aaaart (a->r«"b->r A* a->c""b->c AA c->mr >· a->r A* c->mc >· a->c);
for (1 ■ 0; 1 < c->r: !·♦) 
for (1 · 0: 1 < r.->r: )»♦)
{




// Matrix la normalIzod aiich that tha large·* elamant la I 
•niim InvStatita qmat.lnv(matrlx.t ml. matrix.t m)








In* n ■ m-
aRaart (ml !» NULL frfr m '■ NULL):
••••rt (ml->mr >* m->r A* ml->mc >» m->r AA m->r m'>e);
ml->r · ml->c · n;
•rale - SMALL:
c->r ■ a->r; c->c ■ a->c; for (1 "0: 1 < n; 1*0
for (1 » 0; 1 < n; 1-m )
If [i] > iiRal·)
Bcala · nr->mat[J] ri] ;
coj->iii«r.t0] [1J ■ 0.0;
col->m«trolCJ] ■ 1.0;
1nbkfih(Htim->iiint, n; iml, rn1 ·>mм^  [0] ) ;
If ((«cal* > I) M  (scMlfl —  SMALL)) < 
•ral· » In r nI« · 1.0;
} ola« (
Inralo - 1 . 0 /  Bcal«! 
for () - 0; J < nt j«*) 
for (i > 0; 1 < n; 1··») 
m->m«ttnrn ♦· Jscal·:
>
Ind · Ivoctor(n); 
co] · mst.nnwd , n) : 
dum ■ mat.cpy(m);
ro« ■ lmlr.mp(dwn->iniit, n, Ind, M);
If (roB— SINOWLAR) { 
rotiirn ras; ,
)
for (I · 0; 1 < n; !♦♦) 
d ·» dum->mat[)][1];
if (fabs(d) <- (doubls) TTMY) ( 
rotnrn STNOULAR;
>
for (J ■ 0; J < n; J«·) { 
for (1 ■ 0; 1 < n: i**)
f o r  ( 1  - 0 ;  1 < n ;  1 * 0  
m l - > m a r . f l l  f  j )  ■ c o l -> m a» ;  [ ' ’ 1 f i l ;
>
for (J - 0; j < n; J..) 
for ( 1 - 0 ;  I <n; !♦*) ( 
m->ma«;[Jl[l] *« scal«; 








*old lubknb (donblo ♦♦s. Int n. Int ♦indjr,
{
Int 1. 11 - (-1). Ip. 1; 
doubl« «um;
Rss«rt (« ·· NULL); 
nnnort (Indx !■ NtM.L): 
atinort (b ·.· NULL);
for (1 · 0; i < n; !♦♦)
(
ip ■ inditi]; 
siim ■ b[lp]; 
bClpl - b[l];
If (11 >· 0)
foT (J - 11; J <- (1 - 1); j««) 
siim -■ sClHj] * b[Jl;
«1s« If (s«im)
n  * 1;
b[i] > sinn;
)
for (1 · n - I; 1 >- 0; 1--)
(
sun ■ b[l);
for (J ■ 1 ♦ 1; J < n; )♦♦) 
sum —  sCDCjl ·
b(l) ■ SUM / « 1 0 t O ;
}
«niiM InvStRtus ludcmp (doubl« **n. Int n. int nindx, doubl« nd) 
/* l.ow«r Upppsr decomposltion. */ 
h  R«tiirn th« Invsrslon (dnrnmposltion) stntiis */ 
f
int 1, Im r s , j, k;
' floiibl« blff, dum, «um. tnmp; 
dvnc vv;
nss«rt (s '■ NULL); 
nss«rt (indx i- NUl.L); 
nssnrt (d !- NULL):
•d · I.0:
for (1 -0: 1 <n; i»0 
(
·'· big · 0.0;
for (J - 0; j < n; )♦♦)
If ((t«mp ■ fnbs («fiKil)) > big) 
big ■ tnmp;




vvtn - 1 . 0 /  big;
}
for (J ■ 0; J < n; J»»)
H f
for (i · 0; 1 < 1: 1 *1 )
(
sum ■ «rilCll;
for (V ·· 0: k < i; k»<) 
rum -  « m r k l  · «tkJCjl:
"TM [.11 · rnm;
)
■ 0.0; /* JnitlMlix· (march for 1nrgi»Ht pivot ♦/
for (1 · j; 1 < n; !»♦)
{
Burn - (itiHll;
for (k ■ 0; k < J; k««)
run -■ a[l)[kl ♦ nCkirjl;
• » n i m  -  B ill«;
if ((Hum ■ vv[i] ♦ fabB (Rum)) >·'bi|j:)
<




if (j !· imax)
{
for (k · 0; k < n; k»*)
{





wfimax] · vv[J] ;
1
inHxfll ■ Imax:
if ffabB (aCjiril) <» (Hoiihla) TIMV)
"riHjl - TIHY;
if f1 f- (n - O)
J i
Hum ■ i.O / («rnril); 
for (i · J ♦ I; i < n: H·)
"fiiril ♦» Hum;
)





void mat.pr (char •man. matrix.t m)
i // printB tha contmta of r.ha matrix on tho Rcraan 
i. J:
Int r. r;
aanart (ma|! ·' NUM.);
RBB«rt (m !■ NUl.l.):
r ■ m->r; 
c ■ m->c;
printf ("\n y.B ; Oima Xd. Xd\n”. mag, r. c); 
for (I »0; i <r; I»·)
{
printf CSn");
for (J ■ 0; J < c; J«*) 





matrix.t mat.cpjr (matrlx.t m)
{ // copioR matrlc··
matrix.t nav; 
int i. J:
naw ■ mat.naw (m->r, m->c);
for (i · 0; 1 < m->r: i»t) 
for (J · 0; J < m->c; J«*) 




void qmat.RUb (matrix.t e, matrix.t a, matrix.t b) 
// c · a - b
Int i, j ;
aaaart (c !· NULL U  a 1- NULL t» b ·- NULL):
BRRart (a->r""b->r M  a->c««b->c kk c->mr >■ a->r kt c->mc >■ a->c);
c->r ■ a->r: e->c ■ a->c:
i for (i «0: i < r*>r; I· ·)
for (j ■ 0: J < c->c: 1*+)
{





EKF.croat«(int XDTN.int ZDTH.Int nama,matrix.t(«mnanuraFtinr) (void)) 
// Filtnr iR craatad hara with tha appropriata valiiaa 
{
KKF.t f:
dotibla tlmoRtapwOI .0/10 0 0 .0 ;
f « (F.KF .t) mal loc.((air.a. t) Bir.aof (atruc.t F.KD);
f*>nama · nama; 
f->xniM - XOTM; 
f->Z0IH · ZOfH:
f->Riim»mat.nav(|.I);
f->maaRura · maaRuraFunc; 
f->x.aat · mat.navfXPTH, 1>: 
f->P.aRt · mat.naw.dlanfO.O, XOIM); 
f->ll · mat.naw(ZniH. XD!H>; 
f->F - mat.naiiiXDIH, XDIH): 
f->0 · mat.navfXniH, XDIH^:
?nu
f-ijr.priH · miit.iiow(XbTH, 1): 
f->P.prfld ■ mat.nHV_rfl»g(0.0, XDTH): 
f->7..pr«d ■ mat.nqu(ZOIH, t); 
f*>* " mat.iifltf(ZDIH, 1); 
f->nn ■ mat.navCZDTH, 1)} 
f->nii_T" mat.nftw( 1,ZDIH) : 
f->mH ■ mat.naw(XniH,t): 
f->W - mat.nawiXDTH, ZDIH); 
r->R - mat.nov(ZDTH, ZDIH);
/* Temporary »tuff */ 
f->F.T · mat.nawCXDIH, XDIH); 
f->l).T - mat.nawiXDIH, ZDTH); 
f->W..T · m»t.na»(ZDIH, XDIH); 
f->S.I ■ mat.newiZDIH, ZDIH); 
fotXXI > mat.n«w(XDIH. XDIH); 
f->tXX2 · mat.nawCXDIH. XDIH); 
f->tX - mat.nnw(XDIH. 1); 
f->».ZX ■ mat.naw(ZDIH. XDIH) ; 
f->tXZ · mat.naw(XDIH, ZOIH); 






f->R » w>it.now(ZOTH. ZDIH);
dotihla duml.diimZ.raa.p .rhh.p.rr. tliota.t.r»0. thata>0.raa»0,rbh"0; 
dmibla d»lflS.O.dnlta.x,d«lta.y,vy»0,vy»0;
■ tatic matrix.t z » NlH.I,; 
atatic doiibla x.y;










dnubla d* 1BK.0,r•»143R00 0,x,y,vx,vy; 
doiibla tarmi , tarmZ. tarm3. tnrmi; 





/♦ State prediction */ 
qmat.mpyCf•>x.pred, f->F, f->x.ent);
/♦ State covariance prediction: F*P.e»ttF.T*Q ♦/
•imat .trana(f->F.T, f->F); 











/♦·· Compute Innovation covariance: S»H*P.predtH.TtR ♦·*/
qmat_trane(f->H.T, f->H); 
qma»..mpy(f->tZX, f->H. f->P.pred); 
qmar.mpy(f->tZZ, f->tZX, f->H.T);
qmat.addif->S. f->tZZ. f >R):
/♦♦* Compute filter gain· W*P .prrdtil, T*S ‘ · I ♦*·/
qmat.mpyCf->tXZ. f->P,pred, f->H.T);
If (qmat.lnv(f->S.l. f->R) —  SIWCUUR)
fprintf(atderr, "Singular Tnveraion of S\n");
qm»t.mpy(f->W, f->tXZ. f>S.I):









for n  » 0; i < XniH; ··!) 
for (J ■ 0; i < XDIH: o p  
J e(f->0,i.p.0.:
/· Q matrix dx1 */
// 0 matrix le updated everytime elnre delta.time rhangee eveiytlme
«(f *>Q,0,0)'pnnlR«*powl (d«iltii.tiin«,4.0)/4 .Ot 
• (f->Q.O, l)*pnoiii«*powl (d«ltR.tln«,3.0)/?.0: 
«(f'>Q, 1,0)*pnolR««p9wl(il*lt«.tlin«,3.0)/2.0; 
*(f->0.1,1)"piiol*#*powl (d«]tit.tlmn,2.0) :
/♦ ♦ ♦  rn lrnlnt;« Innnvnr.lon ♦ ♦ */
qnmt .mpy(f->i-X, f •>W, f->7.) : 
qmM _»nih(f->imi, f->x.pi«d,
•*(f->Q ,2,2)»p n oiiie*p ow l(d*ltii.tlm «,4.0) /4.0; 
<«(f->Q,2,3)*pn oiBe*pow l(d altK .tim «,3.0) /2.0; 
« ( f-> 0,3,2)*pnolBfl»pow l(dAlf.R.tlm a,3.0) /2.0: 
•>(f->0.3.3) -pnolBB^powl (dal t a . f.iinA,2.0) :
v x .n o lB B * (4 9 0 0 .0 * d a ltB .t)m « * d a lra .l:)m ·) ; 
vy_nolB «> (4900 .0*d«1 tB .tJm «*dalta_ tlin« ) :
• (f->n, 1,1)«vx.nolB·;
B(f->R.3,3)«vy.nolB·;
/♦♦♦ npdal-.n Bt.at.a· x.oni;» x.prad * Wtnn ♦♦♦/
qipat.»py(f->r.X , f-'M, f->nii):
qmat.add(f->x.‘*"t. /->x.prad. f->tX);
/♦♦♦ Updat· çovarlan';a· P.aBr· P.prod - W«9*W.T ♦·*/
qmat.trannif->W.T, f->W);
 ^ qwBl;_»py(f->t.X7, f->W,
q«at.n«py(f->tXXI. f->kX7.. f->W.T); 
qmat.anhff•>P.»Bk. fOP.prod. f->kXXl);
/♦*♦ Calciilatn Innovation for obaorvad variaMaB ·♦♦/
qmac.BHb(f>>nu, f->s, f->ii.prad)»
















B ta ri c  FKF.t initdnt nama)









doub la th a ta .d r a a .d x .d r a a .d y .d r b b .d x .d r b b .d y I  
f f lu n h ( B td o u t ) :
fIItar ■ FKF.craatafXDIH.ZDIH.nama.maaBura); /♦ craata flltar ♦/
for (1 - 0; 1 < ZDIH; <M) 






/•initializa 4x4 H matrix*/
for (1 ■ 0: i < XniM: «'i) 
for (J · 0; J < xniM: ·♦.!) 
a(flltar->O.I ..D*0. ;









for (1 ■ 0; I < ZDIH: ♦·!) 
for (1 · 0; J < ZDIM: Ml) 






for (1 · 0; I < xniM: m |)
for (1 " O; 1 < XniM: Mj) 
a(riltar->P.*Bt.1.1)' a1pha*a(f11tar->Q,1. j) :
/♦ R matrix 4x4 */





y A ( f i l t A r - > * . 2 , 0 ) ;




A ( f i l t A r “>x .o R t ,0 ,0 ) * x ; (
oCfi l tAr->X_ARt. 1 ,0)» vx; i n t  bARO;
A ( f i l t A r - > x . A R t , 2 , 0 ) « y ; Rwitch (ComPort) (
A ( f i l t A r - > x . A R t , 3 , 0 ) « v y ; CARA 1 : bARO - 0x3ffl;
hrAAk;
fo r  d* 0 : l< X n iN :« * 1 ) CARA 2 ; bARA - 0r2ff l;
f broAk;
f o r  (J-0;J<XDTH;»*J) o ( f  l l t o r O F . i  . J )  ■ 0 . ; CARA 3 ; hARA - OkI aR ;
/♦  I n l t lA llX A  4x4 F AlAtriX*/ hi-AAk;
A ( f i l t A r - > F . l .1 )  - I . ; CARA 4 ; hARA - OxZaR ;
) )
huf  ·  bARA;
A ( f i l t A r ' > F , 0 . | ) - d A l t A . t l m A ; i o r  " hARA · I; / / i n t o r r u p t  onoblA ro g lR to r
A ( f i I t o r - > F ,2 ,3 ) "d A l t A . t l m A : I c r  ■ bARR ♦ 3; / / l i n o  c o n t r o l  r o g l s t o r
mcr ■ bARO ♦ 4; //mndnin c o n t r o l  r o g i n t o r
f o r d - 0 ; K Z D I M ; * * i ) Tor ·  bARA « B:
f o r d - 0 ;  1<ZDTH:«*J) >
A ( f i l t A r - > S , l . J )  ·  0 . ;
f o d i - 0 ;  KZI)1M;««1) A(f l l tA r-> «n i . 1 ,0 )  ·  0 . ; void I n l tC ow Por tf In t  boud , iichAr v o rd lo ngt h  ,





m · (IIB200 / bAiirf): 
oiitpdAr, (n/2E6)): 
o\itp(buf, m);
i i ii l tch (wnrdl«ng th)
(
r.«ii· 8 : xb ■ 3:  
hrsMk:
CAfi« 7 : xb ■ 2; 
brAAk;
CARA 8 : xb ■ 1; 
brAAk:
rAAA 6 : xb ·  0;  
brAAk;
HAfAiilt : xb ·  3;
)
If (fOnAStopIUt) 
xb ■ xb I 4;
I f  (EnAblAPArlty)
{
xb > xb I 8:
/ /  AAt bAUd TAtA
// RAt word lAAgth
// pArltJ AXlAtA T
i f  (KvonPArity) / /  Avon pArlt.y
xb ■ xb I 18;
}
o i i t p O r r ,  xb):
OlltpdAr, 0):
i f  (RAWOtAFAAd)
o« tp (m rr .  2 ) ;  
aI ra




void SAlActPort(«chAr Tp) / /  which RArlAl p o r t
{






wold Loopi inti lRAAdy(vold) / /  wAit u n t i l  RArln] p o r t  roAdy
<
uchAr portvAluA;
w h i l A  ( i . ( (  (pnrtvnluA ■ l i ip f lR r) )  ·  0x20 ) »·  0x20 ) )  :
}
//............................................................
w«iid RARAtConfiirliAr ComportMo, i n t  bAud, u rh o r  wordlongth ,  
t
•MS
{hno1«i«n OnaStopBlt, bool nan F.nablaParlty,




Tn1tCnmPort(baod , vordlnnf^th ,
OnnStopBlt, EnnblnPnrJty, EvnnParlty, RamotaFnad); 
HaxFTualr. ■ wait;
//..................................................




in n irn  ( t t ) ;
//-
bool nan RnonlvnBytaCiichnr »SnrlnlBytn) // racntva ona bytn tr< 
< // port
«char PortValua;
PortValua ■ Inp(lar); // port condition









void SnndHannagn(«r.har MnanagorMat]) // noiidn tha maaaagn to thn robot
f
«char rhnr.knnm - O ;
Int Inngth ■ 0 ;
Int i ;
’*'1 ■ lnp(b«f);




If ( I —  0 )
Inngth HnnaagarH · JRfi; // calculatn Inngth of thn mnaaagn 
alna
Inngth HnnaagnTlI : 
rhncksum>chnrlta«m»Mnaaaga f 11;
)
1for ( 1 · 0 : 1 < Inngth : 1*» )
{
Loopunti1 Randy(): '// unit until narlal channal Idla
outpibuf, Haanagnri«2l); // nnnd ona byta






hoolnan TlmnPaaaaddnt CounttONa, Int StartTlma. Int «ElapaadTlma)
f
// raturna trua If tha apnciflad tlmn ia alapand
♦FJapaadTlma · count_2aia - StartTlnn; 
if ( *ElapBadTlmn < 0 )
«ElapnadTina ■ 327B7» *B1apnndTlmnt






void Raralvn.Kuchar raapCNait)) // Racalva t maanaga from
f // anrlal port
Int StnrtTima, ElapaadTlma · 0; 
int 1, noh ;
uchar char.kaum. Saria1 Byta.a ; 
hoolaan flag.rac ;




1 ·  0 ; 
nob * 0 ; 
flag.rnc ■ falaa; 
rhnr.knum » 0;
whlln ( (Jflag.rnc) »ft
( !Tlinnpnnand( RO.StnrtTlmn. ftF.IapnndTImn)) ) /*2000*10 mnar,*/
{
If ( RnralvnPytn(»Snrla1Pytn) )
{
If ( 1 *’ 0)
{
a»SarlalPytn; 
nob · a · 2BR; 
raapfOl^a;
>
alna If ( 1—  1)
{
a»SarlalRyta; 
nob ♦· a; 
ranp[ll»a;
If ( ( nob ·· 0 ) M  ( noh > Hat) )
{
flag.rac · trun;















> /»«nd of I t * /
) /*mnd of vhll«·/
If ( 'flRg.rtc )
Error cndo · tlmnniit;
) / / o n d  of  procodti ro
//...................
void nqcqlvR_motor(uchiir mnprHnx]) // Rocolv* motor ronpon 
{ // from RorlHl chnnn«l
int StnrtTlmo, ElnpRodTim· ■ 0; 
int 1, nob :
i irbRr cbockflom. Sori R lB y t« ,»  ;
booloRn flRR.r«*; :
■I
■ ErrorrodR ■  noorror :
♦ropp · MUM.:
BorlRlBytR - 0;
.StRrtTim« ■ Prnnnnr.TliBnO : 
i ■ 0: 
nob · 0 : 
flRg.ror. ■ fnlRo: 
rhorkRiim · 0;
whilR ( (!f 1 nfj.ror.) AH
( !TlmorRRRnd( .SO.Br.nrrTimn, »RlRpRodTImo)) ) /♦2000« 10 mpor*/
if ( RRr.«1vnPyto(«Bin inlBytn) )
{
if ( I —  0)
{
«•BorlRlByto; 
nob ■ A * 2S$: 
r«Rpro)»A;
)
rI rr if ( I"· I)
i
A»SRriAlBytR; 
rtnb a : 
rR«p[i]«A;
if ( ( nob ■■ 0 ) II ( nob > M a x ) )
(
f lAg.rflR ■  t n i R ;  
i f  ( nob · ·  0 )
Err orcod«  ■ z « r o l« n g th :  
rI rr
Erro rRod · ■ l o n g tb f l r r o r ;
}
)
• I r ·  i f  ( 1 ?· (nob ♦ 2) ) 
ro R pf i l  » BRrlAlByt· ;  
rI rr 
(
flAg. .roc ·  t r u · :
i f  ( chockRum !■ SoriAlBytR )
E t r o r c o d ·  ■ cb«ckRum«rror:
)
cbocknum *" SorlAlByt .· :
« • i ;
) /»And of  i f * /
>/*And of w h i J ·* /  
i f  ( ! f lA g .r « c  )
E rr o r c o d ·  ·  t imoout ;
) / / * n d  of  pr o c o d u r·
//......... ...........................................................
void BRr«iVR(nchAr rRRp[HAx]) / /  RaRr I vR m«RRAg· from ■ • r i t l  chann·!
(
In t  StA rtTIm·,  ElapRRdTlm« ·  0;
int. i .  nob ;
ucha r  cbockRiim, SA rl A lB y t· , ·  ; 
hooloan f l a g . r o c  :
Er r o rc o d ·  ■ no o rr o r  ;
♦roRp ■ NIII.L:
SArialBytR ·  0:
StArtTim· ■ PrRRontTlmR();
1 -  0 ; 
nob ■ 0 : 
f l a g . r o c  ■ fAlR·: 
rbflckniim ■ 0;
v h i l a  ( ( I f l A g . r R r )  »*
( iTimoPARRAdi 70.Btart.Timn. »ElApandTimn)) )
{
I f  ( nRr.nivnBytn(k. '?RriAinytnl  )
{
i f  ( i - -  0)
{
•  •.Bari AlByt·;  
nob · A ♦ 2RB; 
r*a pro]"A:
}






if ( ( iioh ■■ 0 ) II ( neh > Hhx) )
{
flAK.rec ■ tru·:
If ( nob ■■ 0 )
F.rrorc.odn ■ xorolvngth; 
olfiR
F.rrorrod« « 1 ongthorror:
>
1
«Ib« If ( I !" (nob ♦ 2) ) 








If ( !fliig.r«c )
Errorcod· ■ timsout;
> //ond of procodiir·
//...............................................
void Tr»ni»H<>ii,l(«icliBr uchar roRpCHairl)
{ / /  Tranamlt  1 monBiif^o nnd r n r o lv o  roiiponB«
^SondHoBiMigofmoa):
RbcbIVB.1( r « B p );




void TrnnflHBB.motorftirhnr mnnrHBxl, »ir.liar rnitp(Mnx])
(  / /  TranniRlt motor  moBRagoB and u n i t  f o r  rnsponBR
SBndHBRRBgoimoR):
RbcoJ VO.motor (r«*np) : 




void TratiRMoRfiirliRr mnn|MB«l, iirhar roBpr.HB>l)




t l »Pr «R a n tT lr aa O :
>
//....................................................
void P ra p a ra f  I n t  k )
{ / /  p ra p a ra  th a roqt iaatad maRaaga





alaa If ( k ·■ parmlaaloi
/•RtatWRV/
{
mOfO) ■ 0; 
mOCH · 1; 
mOfi!) « parmlRRlon; /«parmlRRlon*/
)
//............................................
iirhai- San ri.lt fu ch ar moa[Kax] .iichar raaptMax]) 
f  //  Rand moRRaga u n ti l  thara I r no a rro r 
»char a » 0;
TranRNaaCmaB.raRp):
wM la (Frrorcoda ·■  noarror )
(









iirliar S a n d .ltK u c h a r  maatMaxl .uchar raRp(Haxl)
{ //  Rand maaRaga u n ti l  thara la  no arro r
ur.liar a ■ 0;
TranaH aR.l fma R.ranp ): 
whlla  (Rrrorcodn '■ non rr o r  )
{






r a t u r n ( O ) :
>
//............. ....................................
ur.har S a n d . l t . m o t o r i u r h a r  maRfMax] .nch ar  raRp(Hax))
{ / /  Rand motor maRRaga u n t i l  t h a r a  In no a r r o r
uchar  a a 0:
TranRHaa.Riotor (maa, r a a p ) ;











{ //'IntdimlnMii vhlrt* function kny pmnand 
iirhnr ck; 
rh«NUf.l.: 















void ConcRtr (uchnr «iitrt.uchNr *Rtr2,uchnr Inn)
{ // copinn two Rtringn 





( // Indicntnn thn rnrnptlon of r nnonnKn 
uchnr *po{










Rnnd. It.(ni0,m2): /*n«nd RtnriiR mnRRRgn*/
If ( « ^ m  ·- 7) /♦RtntiiR mnnongot/
{
if iinif..·'! ■■ 1) /♦Miorn Ib Roniqrhlng thnt robot vnntn to nond*/
{
r r npnr n fp nr B lR Rlo n); /♦ l o t  rob ot  t o  nnnd th e  mnRRngn*/
i f  ( Snnd.lt (mO,m!l) »» 0) / ♦ r o t u r n n  znro in n u r m n n · /  
mnlndnr.O :
>




o)nn If («2(3) ■* 0)
(
»2 (3 ] -7 55;
1
//-- ...............................................................
void d n c o d n r O
f
I f  (T im n P n n R R d (R , t i . tn t i ) )  /««ve ry  6*10 mnnc Rondn a a ta tUR*/
{ /*maaaag« anking wtinthar robot ban */ 
/vRomnthing to aand*/
Pr np ar n( R ta tU R); 
da r .o dn O ;
void rnad.fkny(vold)
{ // if F-kny or anothar koy pranand than Initiallxna nacnnaafy variablaa
If (flag ■■ 0)
{
kny ■ FknyO;
If (kny !- 0)
{
























alRR if (kny ·" fld)
flag^2:
>




nlan If (kny —  nn)
(
)ИІЯ· I f  (k«y · ·  βΤ)
{
}




ein· if (кяу >· ІЭЗ)
{
)
ліяй If (к«у ·· 134)
{
}




йіяя If ((key··’·') It (key^^'B·))
{














































































If ( kbhltf) )
{
rh - get«-he() :


















· ntol (rfltntr) : 
ltnii(rntv«1 ,nt2. to);











If ( fli»g”l ) 
printf("•Icrnnl nil"):
// clflwlnl();
)// «nd nf nlnn 
) //nnd nf If kbMr.
) //nnd of If flag·*!
> //ond of proc




roMnt.2mn»fi.r,otint..2m«; // rontornn tho vnlimn
iipd«tn.cmd»n.«pdnto.cmd; // wh«n progrnin nf.nrtn ogiiln
}
//...................
void mn ln .opO
f
111 no.ni ;opni  
lot t.jf.t.y;
I f  (f l(*g*-2)
{
. ................
If Otity —  fiO)
{
I f  (roiini:i*r»»0)
// FI got only 111trnnonlc rintii 
N  flrnt tlmo tlmt th· progmni ontnrn hor·
in
(

















// Increment heed poe










nine If Ocey ■· (50) // F2 get only TR data
(




head.pon»»; // In-rement head poa










elne If (key -· 61) // F.1 get both iiltranonlr and IR data
{
If (coiint.e? «--O) // flrnt time that the program enter n here
{







TrKnnmi t .' )Atn.rAq(trAnAm{r. .hoth. l iAAd.poA);
hAnH.pOA*«: // IncrAmont hAAll POA






f lAg ’ O;
>
)
/*m4ti 44*** 4**t *4 4*/
aI aa J f  ikAy··«?)  / /  F4 movA forwArd
{
rAtvAl«320;  / /cm
movA .touArdR.tM rgAtpo lntO; 
f lAg"0;
aI ra I f  fVAV«-P!0 //  Fn movA br.kuArd
, '
rAt.VAl*3?0: 




aTra I f  (kpyr.gq^ // Ffi i;„rn r ig h t fnruRrd
(
rAtvAl"PO:
tu r n .r o b o t,r ffrA tV A l) : 
flA g»0:
)
/4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4/




f lA g -0 ;
>
/*4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4/




flA g -0 ;
}
....... * ......  4 4 4 4 4 4 44 4/






/ * 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 /






/ * 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 /






/ * 4 4 4 4 4 4 4 4 4 4 4 4 4 * 4 4 4 4 4 /  / /  Stop Robot





/*4 4 %4 %4 4 4 4 4 4 4 4 4 4 4 4 4 4/
aI ra I f  (kay— 134) / /  F17 download.raq
<
i n t l u d n .  a l i o ;
J n r l i i d o . a r r a y r i r 0 ’'O; / - d o n o t  In r iudn  WAl.par lo d·/
RAnd. download.rommand( ) ;  
f l a g - 0 ;
)
...........  4 4 4 4 4 4 4 4 4 4 4 4 /
aI ra J f  ( ( k A y - - ’R*) II ( k o y - - ’S · ) )  / /  R ta r t  f o r  da t a  a r q u l a l t j o n
{
RttimA-PrARAnrTlmAO: // Initial Ira tlmar
n.l iaad.poR-O;
d a t a c o u n t a r * * ;
data.rar.AlwAd-l;
Trankial t . d a t a . r a q i  t r a n a m lt .o n ly . I l l  t raRon Ic ,n. haad .pon)  ;
dat a . r ar o lV A d-0 ;
f l a g - 0 ;
)
/4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4*/
•M aI ra J f  ( ( k ay — ’a ' )  II ( k a y r t t 'E ' ) )  / /  «nd d a t a  a c q u l a i t l o n
{
f l a g - 0 ;
)
....... ..............
aI ra I f  f ( k a y - - ' d ' )  II ( k a y « - ' | ) ’ ) )  / /  f o r  tARtlng haad
f
n.hAad.poR**r*n; // |ıı·■rnpınnt baad poR
data,roralwAd-l;
Tranamlt.data.T aqf tian-mlt.only,ultr aaonlc.n.baad.poR);
»1«
>eine If ((knyee'f) M  (keyee'F'))
{
n.hon'l.pon-· 1 ; 
d.iMi .ГЯСЙІ veit·! :
If(n.hnnd.pOeeeO)




elpe if ((keyee'h') M  (кеу*е'|Г))
(







eins  i f  ( ( V e y e - ' i · )  I I  (k n y e - 'T ’ ) )
{
n.baad.pone^nO; // initial bond ponitİon
Trannmi t.data.r«q(tr«nemlt.only.піггаяопіе.п.head.роя):





еіяа If ííkny«*’v’) Il íkny»e'V’))
í




alan if ((keyee'r’) II (кву®"'П'))
{




ein* if í(keyee'p') Μ (keyee'P*))
{








































...... ........... 44,4 4./
1

























no. B »rti x/1 11 op . cr*nn r.: 
if (no.o>»l)
xonil.motor.«■nmmoniiimovo. f .no. s);
>
//...............................................................
void movo.rohot.b(Hniihlo Hix) // movnx robot hnrkwnrfl for Hix ■
{
ni no.x;
r A X to rx.r.tirrnnt.vxliinnO ;














void movx.robot.f(doiibjx dix) // diatanc# in em’a
{ // movox robot forvard






void to rn .ro b o t,r f(» rb a r  rlogroxx)
(
111 xt; // movAx robot right and forward
xt»(dogroxx/0.K71RS); 
if (xt>-1)
xxnd.motor, r.ommandi torn . rf ,xt) ;
void turn.robot.rbiocbar dxgrxxx)
{
























til at; // rotatx robot rlor.k wixx
xr"fd«grxxx/i.2);
if (xt>-l)












xand.motor.commandixtop.robot.0); // xtop robot immadiataly
>
//.................................................................
void iipdata_thxta.robor(urhar cmd.ui xtpa)
{ // updatax tho thata of tha robot according to tha motion dona
if ((r.md«»turn.rf) II (rmd*»tiirn.rh))
{
curr. tliata ·" (xtpx »n. r.71B··.) .
if (curr.thota>*3fi0 0) 
rurr. thata'».IBO.O;
•r.i
• 1і»я If ((r.ni«)»"tiirn. If ) II (rntH»»t«rn,lb))
{ iipd Ч t Ц. cmH *«h I ch . c огавія nd ¡ 
прИчП*.яЬяря"по_яГря:












If (curr.thnta<»(-l .0*.360.0)) 
rurr.theta·»360.0;
//.......................................................
void B«nd.motor.commandCuchar vhich.r.ommandnil no.atpa)
{
// aandn the motor command to PC 
If (which.r,ommand!»atop_robot)
m1[0l»0;
»1 rill'd; //4 bytoa lAiıı^ rh
ml [2l»mptnr.moa. JdnnM M oi ; 
ml (.3]»which.command; 
mlCd)»(no.atpa » 6.42B0)/266: 
ml Г6І''(no.atpa к 256);
I f (Sond. I t..mot.or(ml .т2)»ч0) ;
poa.iip,comp»0;






// pi aparan tho download moana^a for difTarant variable 































































ni j *3ΐ·Ηη1 ta.pArlod. Hoiitlf 1er; 
лі яе












ml ГЗ» I *3l«>nn.repntitlone_etert.iilnntlf 1er« І?Я; ' 
η1[3·|·11»1;




eine If íl»*6) /»no.repetítlonn.stop*/
{
t.·;'·-- :











ml [3*1 «31»р.Пт| t.ntep. irlnntif 1er ; 
eine
ml [3»J *3]»p. 11ml t .nt.ep. Hnni-lf I er « 174;
mir3*jOl»l;





t.cc- - : 
lfit.ee— 0)








































ml [3*J«3l"h.velorlty.rurve.perlod.IdontIf1er ; 
eine







































elee If (Ι··|β) /*h.p.limit.»tep*/
{
t.. Γ.Γ · - ;
If (t_cr.«»0)
ml ГЗ* j«3l’ih.p.Hmit.etep.ldentlf 1er : 
eine









ml ГЗ*|ОІ"гЬеп*е.ѵв| ..Identifier : 
nie«








t.r.c- - ; 
lf(t.cc»«0)
ml r.3*V^lIdnnt.l f inr : 
elee


















/* ce now ehowe the number of Information elemente to be included*/ 









prepar«..downlond.m«ef I ) : /*l.e t information element nrlete ·/ 









































inr.ludn.Rrray [.'ll·] ; 
inr1iid«.»rrR]rC4]"t ; 
Inrlude.йггяуΓ5]·Ι; 
In c lu ile .u rru y  Сб1»І ;
prnpnre.dnwnlond mnqfd): /*1.« | infnrmittlon element eilntn */ 









































exclude.й П ( )  ;
I n c l u d e . й г г я у С 0 ] " І !
Include.е г г я у [ І 1 " І ;
prepere.download.тея(2): /»l.e 2 Information element exlnte ♦/ 
/*mβяяяgя prepared In ml«/
If (Send.Itl(ml.m2)e»0);
old eet.head.epeed(uchBr epd)
h.p.ntert.perlod'epd; /♦maximum npeed at 3 ijoee up to 10 or 20·/ 
exclude.nil();
Include.arrayΓΙ01«Ι; /«ΙητΙιιΗη h.p.atar t.period·/
propare.download.mon(l); /«I.e I Information element ехІяГя ♦/ 
/•теяяа^е prepared In ml·/
If (Send. IM (ml.m2)— 0):
)
//....................................................................
void prepare.mee(iir.har mea.tp.iil t.head.роя)
{
ml [0]"0:
 ^ miri]*d: //length of the meaaage
mlr2)edata.moa.Identifier;
mir3]emee.tp; //only 18,only ultraaonlr nr both














pi Intf ("Dátil Niimbiir :ХіН",Нйг.п.по) ;
цоГ.оху(1,3) :
pr Jntf ("IIRAD rOSITIOM nt Hut* rnqnnatit : y.1d\n" .hd.poa) ; 
fprlntf (ob«f n*,"IIFAD ров at data raq ί Xdd\n" .hd.poii) ;
i f  (w h tob .dataavtran aai)t_on ly .iiltraaon ir)
propKro.inaa(tranBiiiit.nnly_iiltraBonlc,hd.poa) ;
МІВЯ I f  (w M ch _data"«tran Bn it.on ly .IR ) 
prapare.m A B(nranam it.only_IR ,bd.poa); 
aI ba i f  (vH ch.daC a**t’.ranBmit.both) 
pr«para.moe(tranBiiiit.bor.h.hd_pnn) ;
if (ГопН, Iti (ml ,m3)»»0) ; // if тппявкп anccABiifiilly tranamittAd 
// and raaponaa acquired 
//ml ia tba tranamlttad aiaaaaga m2 
//ia tha raaponaa
dar.a .no** ;




























t.pp"; //poinfor now ahpwing tha data 
IR.tranarol ГОІ ■·((♦♦ .pp>A.I > ;












t.pp**: //polntar no« at. tha haginning of high byte
high.b*tt.pp;
t . p p * * ;
loi». ba *t .p p;
t .p p * * ;
fl rat.ulttrro)»(high.b*2Ke)*low.h;
high.h»*t.pp;
t .p p * * :
low.b»*t.pp;
t . p p · * :
firat.ulttr[ll»(bigh.b*2Sfi)*low.h:
hlgh.b»*t.pp;
t . p p * * ;
low.b ’»*t .pp:
t .p p * * ;
a a c o n d . i i l t t r r D l ' - ( b i g h  » l o w . h ;
h l g h . h e * t _ p p ;
.‘I
t . p p * * ;
l o w _ b " * t . p p ;
a a c o n d . u U t r [ n - ( h i g h . b * ? . ' ; 0 ) * l o u , b :  
t . p p * * ;  / / p o i t i t a r  now a h o w i n g  t h a  d a t a
I R . t r a n a f O l [ O l * ( ( * t . p p ) » l ) ;
I R . t r a n a [ 0 l [ l ) ' ( ( ( * t . p p ) » 2 ) / 2 ) :
IR.tranaClir0l-(((*t.pp)*i)/4):
I R . t r a n a [ l ]  [ l ] » ( ( ( * t . . p p ) * e ) / B )  ;
I R . t r ä n e Г 2 І [ 0 ] « ( ( ( * t . p p ) » i e ) / i e ) ;  
i n . t r a n a [ 2 ]  [ l ] - ( ( ( * t . . p p ) » 3 2 ) / 3 2 )  ;
I R . t r a n a C l l [ 0 ) » ( ( ( · ί _ ρ ρ ) Α β 1 ) / Λ 4 ) ;
” ! R . t r a n a r 3 H n - ( ( í * t . p p ) * 1 7 a ) / l 2 P ) ;
>
.........................................................................
d o u b l a  c o r r e c t . m a a a u r a m a n t f d o u b l a  m)
(
d o u b l a  m a a ;  / /  c o r r e r t e  t h e  e r r o r  m a d e  b y  t h e  u l t r a a o n i c  a a n a o r a  
maa*m;
i f  ( m a a > 0 . 0 )
Í
i f  ( m e a < " 1 0 . 0 l  / /  h a r a u a e  o f  n o n l i n e a r i t y
m e a - a 2 . 0 :
J alae if ((maa>tO o) »» fmaaOIR.nl) // rorrartlon différa wrt to range 
maa-"2.7 :
ЧІЯ· If *» (тця<»?0.0))
иівя-«3.1 ;
♦ІЯЯ *f ((тчя>гО.О) »Λ (тяя<в7 5 .0 ))
чіив If ((mAH>7R.O) »ft (mnn<>30.0)) 
іпоя-»З.Ч;
ч)яо If (ГшАя>30.0) »k <m«M<-3R.O)) 
ι««Η-"Ί. 1 ;
«ІЯЯ if ((ıııβя>Эfi.O) ft*. (!ііяя<-40.0)) 
вівя-»4.2;
ПІЯП if ((тяя>40.П) ft* (тоЖ-i.R .0)) 
ипя-^-1.2;
оіяя if ((moR>4R.O) ftft (шяя<»Р0.0)) 
шря-»4.5;
«ІЯЯ if (fim>A>R0.0) ft* (nAH<*RR.O)) 
mnn-*i.fi;
"ІЯП if ((ілйя>В^.О) ft* (ві«я<«(50.0))
. 7 ;
«*1яя if ((щая>в0.0) ftft (иоя<»вР.n>) 
тпя-«4.7В;
ЛІП0 If ((ш4я>вВ.О) ftft. (тяя<в70.0)) 
пвя-«1.0;
ОІЯЯ if ((лі«я>70.0) ftft (тяя<-70.О)) 
щяя-^R.O;
ni ял if ((иіяя>7В.О) ftft. (тоя<в0О.О)) 
m«n-"R.3:
ol ял if ((тяя>0О.О) ft.* (тяя<«ВБ.О)) 
nion-»R.4R;
ПІЯП if ((nion>AR.n) ftft (тяя<«ПО 0)) 
тля— R.R:
ЛІЯО if ((ипя>Р0,0) ft* fmon<*9R.O)) 
»чя-"В.В;
ЯІЯО if (mnn>9R.O) 
пяя-«В.О;
поя•■Я.Л:
I οΜπ η (поя) :





doubl о torn I »0, t οι η7·»0.1-ягт1*0, ·;·Μ ηΙ’-Ο, гпч^О. rbb*0, r»0. t.hnto*0 ; 
doiih) o κ0·0. г  I »0, í2"0, χ 3 β 0 ,  y0"0, у 1 ·0, у2»Π, у3"0 ; 
doubl ο  t.liotn.bond"P:
t.ornl»(npnodofnound*f i rot .ul ttr fOl )/2П0Л0; 
tnrn7*(Rpoodnfoound*firot.ulttrГі1)/20000; 
tornSv-Cupnodof яourid«яnr.nnd .ul t tr Гл] ) /20000 ; 
tnrn1«(npoodofoound*oorond..ul tirfil 1/20000;
Kotoryd .3) :
pr int.f ("HFAn rnSITION nt d«tn ohtninnd: XddVn" .hnod.poo) ;
printf (*'---------------\n") ;
printfC'TI m  ! Xl.2f cn'',torml) ;
printf("TI R2 : Kl.2f cm\n",t4rin2); /»tnrne i n  cm я*/ 
printf("T2 Ri : X4.2f r.m".tnrm3); 
printf("T2 R2 : X4.2f cm\n",tnrm4);
p r i n t f ( " T 2  RI  : / 4  7 f  r m " . t « r n 3 ) :
·'.· p r i n t f  ( " T 2  R2 : ' / . 1 . 2Г  r n \ n "  , t o r m i )  ;
i f  ( ( r n n > 0 )  ft* ГгЬЬ>Л) ft» ( f n h n i f n n * r b b ) < 7 0 0 . 0 ) )
Í
n n t n r o d · ! ;
t o t n l  . t « » ( o l t i n o * 2 ) / 1 0 0 0 . 0 ;  / / я і п г . ·  I n t n r r u p t  h n p pn n f l  a t  я ѵ я г у  2mn гяп.ц"г«я;
» ■ b b . g » r b b ;
i f  ( ( t o r m l > 0 )  ft» ( t o r n 4 > 0 ) >  / /  i f  tw o  я о п я о г я  r n c n l w n  H o m o t h i n g
(
t o r m l « c o r r n e t . m e n n u r n m e n t ( t o r n l ) ; 
t o r m 2 « r . n r r « c t . m e R e u r n m « n t ( t n r m 2 )  ; 
t o r m . 3 « c o r r « c t . m o R e u r n m « n t ( t n r m 3 )  ; 
t e r m 4 - c n r r « c t . m o R n u r e m « n t ( t * r m 4 ) ;
r a n " t o r m l « 1 0 . 0 ;
Tbhotnrn4*10.0;
/ /  i n  я т я  





/* Rntimnt« rnnRo */
r·яηrt(fı^Ья(((rяñ*rяя) * (rbb*rbb) - (d«d/2 0))/2 0)) ; 
/· Fntimnto nnimiith ·/
tbotn»onin(((rno»r4i*>-(ibb*rbb))/(2.0*d»r )) ; 
tbotn·(tbntя·IЯO.Л)/H.ΓI;
I K O to x y d  , 3 )  :
p r l n t / C ' H E A D  r n .S IT I 0 H  n t  d « t n  o b t n i n o d :  X 4 d \ n " , b o n d . р о я )  ;
p r i n t f  ( " - - -  —  ------------------\ n " )  ;
p r i n t f C ' T I  R l  ; X 4 . 2 f  r n " , t o r m 1 ) ;
p r i n t f C ' T I  R2 : X 4 . 2 f  c n \ n " , і о п я 2 )  : / » t o r m n  i n  r .n я » /
/♦ rotntion of tho bond ІЯ tnH«n into nrrount */ 
if ((bn*d.pon>»0) ftft (bond.poflfIRO)) 
tbntn«"bond.pon*l.I7R;
ЯІЯП if ((Ьяя4.роя>»1Г,л) ft* (bond рпя<370)) 
tbotn-"(370 bond.роя)*1.124;
1 bnfA'-rM»i*tii*N..PI/1.‘J0 .0 ) ;
*t«i «ııin(Uı«l.n) ; 
vl«r*ron(th4tn)·
// к ronr^MiiAf.« wrt to robot 
// y rooriMoAto «rt to robot
f ЧТ r .f bnto.r*ic«rr..thot**K.PI/1BO.O) ;
>?··( r I ♦coo< · I .Ο^Ίΐιιτ. thetA.r)) - iy І^я ln( -1.0*r.4tr.th«tA.r)) s //Jn i 
ν?·»(χΙ*«Ιη(-1.0*ciirr.thetn.r))*(y l♦г.nя(- 1 .O*c«rr.thotn.r)) ;
vK^totAl. v / to tЛІ. t :
vx. innt»Hol t«.x/Hol I n Hw«:
«
«tnl t.A,y»(y pi я. у) ;
t .o t A l .v '' ' l " l t 4 .y :  
vv*tnl;nl .v/t»·'■ яl .  ^:
vy . lnot«-H«ltn .y/'|ol « л . ttmn;
// л'іятяіія vnloHty
// tnotAntonoilO v«1or.lty
гу-'ѵчмх» ( l?.6*o(n(ciirr.. thotn.i )) : // wmin· ріяся frow
//  ЯОПЯОГ рІАСО
Γν”'··ΐΜ ry I (13.R*roo(cnrr.tbotn.r)) :
♦ rx: // finnl point of tli« obntncl* 






'loi I Ч . X-ÍX -pro.x) ; 
lo i .il .χ*'” ΙοΙ<·»-»ί
//  тяйліігя » o lo r lty  * ft«
I f (х>''(ргя. X · I ·0>> 
г liçht.conntor· · ;
ОІЯЯ И (x<(pro.x-1.0)) 
loft.coiintori * ;
// HAtnrwIiio tI»A illre rr lo n  o f Ilın оЬяг.ясІп 
I f  ( (obn. rowliip.. f  I ow„ r ІЦІІІ »·Ό) ** ^obn.romlrif^.fromlo f  t * ” 0))
ÿr
I f  (ı·ІRh^ .ro4iitor*'«3)
obn.rowing from I lp,hl.”0: 
obn .r'owInK. f row. 1 of 11 1 :
I f  (*^nnJяloo.ΊoЮ '■ ^o.|. r^ « n  
Í
col I In lon .'lo tfiri oil- I ; 





ohn. r.owlni;..f roffl.rIght"I ; 
obB.rnmIng.from.loftnO;
I f ( r n l H n l o n . d o t o c t n i l . . t · · ! )
Í





olpn // oliMtACl« dlroction dntnctoij 
Í






I'n) tA.tlmo"dnll.·. tlmn.tnnpr (яі timo*?)/1000.0: 
ıİAİ tA.tlmn.tompnO.O;




vy  wn n ^v y ;
fprIntf(phnf11 n."\n Ип»л;7.1і| ІіпчіІ.роп‘.'/Id tlmn:X0.7f rnA:X0.?f 
rbbrXO 3f\n" .dntniOiintnr ,1ι·ι«ι| .роя ,ΗπΙ tn. timn.rna,rbb) ; 
fprlnl:f(obnflln. \n г;Ѵ.л.7Г rbnta:X4.7f χ·Χ0 7f y:X0.7f νχ Χβ 2f 
vy :Xfi.2f\n" ,r . tlinta .X , V . vx ,vy) ·
fprintf(obnfllo."\ii robot_x;y,fi'.7f гоЬог..уУ.В.2Г robot.th«ta:”3.7f ", 
cx ,cy ,ciirr. rhotal : /* In mw n*/
fprlnrfiobnfllA,"\n loboi; vx; '/0.7f robot.vy: X«.?f \n" . v.r· bot mna.x. 
 ^ V.robot.wop.y) :
fprintf fribnf 1 1 1 ."\n"l;
fprlntf<obnf ll»2," яІаряяН tiwn; ’/0.2f \n" ,<Ι·1 tn.Clno) : 
fprintf(pbpflln2."x.roa-’/B.2f y.ri*a"7.fi.2f vx.rnavX0.2f vy.rna»X«.7f \n", 
*.у.ѵ»іѵу);
val.c.r*·! I













ИопЫй vx, »v« 0,w y,Λ·ι·0;
i r  (члГ.йгв(1)
(
•»nt«roti"0:
If  (ѵчі r .O -Л) 
í
хплі.'лІгпГ '>x.4nt ,0,0) ; 
y o n r - n í r n f -%х_ояг. ,2.0) :
ѵхг»чі.го(гаГ->х.йяГ., 1,0); 
vyori ’•n(rní->x ,ορί: ,3.0) ; 
ѵх..аѵ’-vxont ; 
vy.aw.vyrtBt;
I f  í ( ( x M 0  0 )< ’' r .x )* t(y >c y))  
f
í x ’ fabwf ( x ‘ 1 0 . 0 ) -f .x ) / fB h a( v . r o b o t . .шйя.х-ѵх.вѵ) ;
/♦ X obütMr.Jop ex robot , ·*  */  
t .yrf n b i i ( ( y - 5 .0 ) - r .y ) / f  ab*(v.robot . .m**_y-xy.nv)  ;
}
ч Ь й  If  ( ( (x -1 0 .0 ) > rx ) m k ( y > e y ) )  
í
tx»f nh*((x-10.0)-rx)/fabo(v.robot.тйл_х-ѵх.пѵ);
/*  X obntncloB ex rob ot . '*  ♦/
t.y»f "b* ((y-R  , 0 ) - r y ) / f  *b*(v.r obo t . .»e*  .y -v y .n v )  ;
}
nina
tx*fab*(x *r.x V f  ahi»(v_i phot .mon .χ-«·χ.*ν) ;
/♦ X ob*ta<-low rx robot . '*  ♦/




t y . g ’ ty :
gol:oxy( 10,70)  ;
p rIn rfC 'X  · ’/1 .7Г Y : y . i .y j  V, : y . i .2 f Vy : X l .7f  \n ' ' .  
K .y . " K , r y ) :
g o r o x y ( 1 0 , 7 l ) :
p r 1 n t . f r x . « * r ;  7.4.7Г V.nwt.: 7.4.7f Vx.ont;: 7.4.7f Vy.«*t. X4.7Í \ n " .
X 0 * t , yoni;, v x n * t , vynnt.) ;
) Ч
J| I f  ( ( ( f пЬяГ»:х-».у))гл.п) (».x'*0) ЛЯ ( t y ! » 0 ) )  / / r o 1 1 i * | o n  Hotort.nH
{
fprliit.f (obnf lio.··· · · · · · --rni.I.ISTOK* -  · ! M\rr") ;
»•ni 1 Inlo n.r nontoT · · : //Irrrromortr.  r o l H * l o n
// r.oiint»»r
I f  (e o l l  lolon  »-oi intor·^?)
(
p r l n t f  ( ■ · · · · · · - . -cni.U.' íTON---!· ·  · \η " )  ;





••ol  · I n i o n . r o i i n t o r O :
fprl'itf (xf ,"d*t..-i:7,1»l x:7,fí.3f t ohnt.x ;Υβ .7Г ѵх:Хв.2Г vx.**t: X(l.2f
vx. av:Xe.?f robot_vx:Χβ.2f tx:X6.7f \n",diit,*ct*»jnt«r,x,cx,vx,vxe*t, 
V* ■* ,»_robot.i"4B.x,t.x) ·
f p r l n t . f ( y f , ' ' ( l 4 t i » : y , d i l  y : X f i . 2 f  r o b o t . y : X 0 . 2 f  v y , : X « .2 f  v y , * n t ;  У ,в .2Г
v y .  n - X f l . 2 f  r o b o t . v y : X e . 2 f  t y : 7 . f í . 7 f  \ r i " , d n t « c o u n t « r , y , c y , v y . v y o n t ,
r y . " » . v . r o b o t . m o * . y , t y ) ; '




v n l d  n p d * t * _ r o b o t . c o o r . 2 ( i i l  * t · )
f  / /  « *n d  -  I n  t h l *  p r o c e d u r e  b · *  t o  b *  r h « c k * d  f o r  g o n o r a l  с а я о
l o i i b l o  r . x . d o l t a l  , r . y . d o l t * l  , r . x . » l * l  t a 2 . r . y . d « l t a 2 ;
<-iirr.t.hotii,r»frurr .thot.*tH.PI/1B0.0) ;
If (npdetH_ciad«»tiirn. rf) 
í
I X d o l t n 1 " ( t « i r n .  r f  . X . r p i i o t  ♦*» й) ;
r .y.dollal"(t»rn.rf y.ГОПЧГ «*ro);
T . x ^ ' r . T . d a l t n l :
г . У ’ г . y .do l tnt :
)
"1 " 0  If Гчр»Іаг.о..»чвН»"*;чгп_И)
(
r .x.d*ltal*(t.iMn.lf .x_f»ui*t.«Ft«) ; 




*1 * 0  II f'ip'l-xl;n.»4riil*»r_iirn ,i h)
(
r . x . d o l  t a l o f t i i rn . r b . x . ron*t .**to) ; 
r . y  .d*l  t a І»(счгп . і Ь . v.r.po*t .**to) : 
r . X t o r . X . d o l t a l ; 
r . y - T . y  .dol  I a l  :
>
оіяо If (iipdat* rmd""tnro Ibl
f
r .x.,d«l tal »ft iirn.lh.x.r.onat ·*».*) :




*1*0 If (npdato riaH^^rotat* rtol) 
f
r . X ,d*ltal’(ri>i al П »-w r rr>of!».**to) ; 
t .y „do! t a I’■(i oi »» o, « V V '·Ί»ı'■.^ · pM*l : 










void f Ind.rohoi .roordIniliiMtfurhiir t.mov.wiiluo)
{
// updAtAii robnt'H co o rd ln at·!· thii? In not thn vnliin coming from moiin« 
n n  r, thnftii.r»(nirr_t:h*»tn*H.PI/|flO.O);
If ((rnrr.l.hntn>«0) *lk (r.nrr.tlMifin<90))
(
I f  (opdnr,B.r.md»»mov«.f)
{
r.x*»(t.mov,vi!ilH€i*nr«‘p .ro n n t)*n ln (riirr . r.hiitn.r) ; //  In rmn
r.v'"(t.mow.vfil»ii«*Bt:*»p.connn)'*ron(rnrr. r.hnrn .r);
>
nlnn I f  (ijpdiit.«.r.md»»movn.b)
f
r.T-«(t.m ov.viiln*i*ntn p.ron nt)*n ln(rnrr_t.hntn_r) ; //  In rmn
r .y-"(t.m o».vnlii(i*n i:np .connt)**-oB(r.« irr.thnt*.r);
>
)
olnn If (Criiir. »» fr«ur,t.hnt:n<0)>
(
If (iipdnr.p.rmd»’*niovo O  
f
r.x*'»(f .mov Mnliio«ni.np. roiinl )«n1n(riii t. Uior.n, i ) ; 
r.y* ’ft.^ mov,vi*Iiio»ni:np.i-.onni:)«»-oii(r«i»r. I hon*. r) :
) /
'I nlnn If fııpd»·l o_fnid-"niovn,h) 
f
r.x-"f t;.mov. i»»iliin*pt np_rr>nnh)*nlii(riirr t h«t.n ,r) ;









I I ototo. I ol'ot. rr.tf iriir r . th»tn) :
>
nln· If ((riiri.HintnV no) *»(r«rr.tln»tn<n))
<






If ((npdnto.rmd'vmovn.f) || (npdnm.rmd''’-movn.b))
(
If (if/nbn(r.x-r,iirrx))>K.O) II (fnbn(r .y-r.ni ry)>5.0))
























rntin motor .inoo . |d"tit I f 1 i»i ; 
pp··! ; loM.mnn ·
I f (f*pp)r"PnnltloiiUpdni-oOk)
{




prinrf ("Ponltlnn tlpd.’im romplof«d\n") ;
pp.i;
 ^ mov.ntnpn.lofi♦(*pp):
pon.np.'-.ompi-l; //ponltlon iipdntn mmplnmd
t.r.x*(riirrx*r, x)/2.0: 
t.ry»(riirry»T .y)/? P;
If ((ft.r.x<(mrg«*· xMO.O))»» (t.«-x>(tnrgnt.x-|0.0)))




nlIgn.rohotf): //tnrgot point In mnrh«d




i f  ((iipfl»to,f.in'i»'*ii«i»vi».f) II íupdeí4.*:ind»"iiiov*.b))
• f  Jnd_robo t.coord ln i«neii(iiiov .vnlM e-inov .(it«pe,l«f t )  ;
//  movef ve mpve b
« Іяе
{
•ipdene. r o b o t , r o o t . 2(яіоѵ.ѵіі1ие*яіоѵ,яг.«ря.l e f  t )  ;
•»pda t o. th er,a_ ro b o t.(ııp d ate .r ın d , (w o v .v » İ4 « -n o v .H tv p B ,le ft))  ?
>
ro b o t.v n lk ln R v fn le e ;
>
)
ПІЯЧ J f  ((* p p )» * ro b o t.» to p p o d )
{
Γρ·4;





n o .o .l# f fO « i2 4 7 R e ) 4 lo 2 ;
)
«Іяо  I f  ( І я п .т я я · · ^ )  //nnm bero f яГяря l e f t  
n o . e . î e f t “ (4pp) ;
pp4»;
m o v .e re p o .J o f t^ (4 p p ) ;
i f  ( (u p d a te .rm deem ove.f) II (•jpd»to.r,m d«»m ove.b)) 
f  İnd.robot.rnnrdJnM tRaCm nv.TM bıe-nıov.atepR .İM f t )  ;
«ІЯО
f
ııpdai p. I nbo» РКПТ. 7(iKov .valııp-mnv .ni-.optı .lof ti ;
ııpdai n, that, a t obnt (updata ,πβΗ . (mov. \’a1ıın-mov,atape.l af t)) ;
// Pinvııf vo mnv· b
if (ua I tiıifi; foi ·. İnin ПІ op»·» I) 
f
ı»ai 11hj|ç_ f or. |·ima,ntopfO; 
t |mn.ntoppnı|t I ; 
a.r.oıınt;. 7ιηπ·»ρ.οιιη· . 7ип ; 
H.ııpdato. rni'Hupdatn .pınd ; 
e.no.n„loft^no.n.laft:
}
robot »nHcinjr.pf al no;




»»o,.n„ dona· T mnv ».alun;
if (íupdato.finfl-'rniouo. f ) Il (updat e .rnid”pmovo.hl) 
f lud.robot roorditiatan(niov.valuó) : I f mnva f and nova b
updata, rolior .ΓΟΟΙ . 7(mov.valuó) : Π  for turning






























if ((‘ρρ)··'Παίη. laq.roiortad) 
printf("Data rmpiant ro|ortod\n"); 









road.Ill tranohir(pp) ; 
f lnd..oh)art.roordinatonO ; 
dataroiintar * · ;
}










pr 1 ntf ("Xd" , IR. trunii fOl fO] ) ; 
printf("Xd",IR.trun« Го)Гі) ) 5  
printf CXd'', IR_trMnii[l] [О)) : 
print/C X d’·, IR.tmnuCn Π)) ; 
prlnt/C'Xd",IR.trnnnfa) [О)) : 
printf ("Xd*·, İR. trnnef?! ГП) : 
pi lntf ("Xd", in.trnnnf.lj [0)) ; 













printf ("Xtl" . in 1 1  .іітГОІ fol); 
prlnt.f("Xd".in. г.глппГОІГП); 
pHntf("Xd".ín.Mnnnrnrnl): 
p r l n t ( í " X d " . T R . l t a n R r n r H ) :  
pr1ntf("Xd".in.irnnnI?irol); 
printf f"Xd". in. и аппГ?! r m  : 
prin*/("Xd".in.trannfΊ)fO]); 
pr intf ("Xd\n" , in . M  чпвГіІ Mil ;
Hntaroniit«T < · ;
)
1*1 nak ;
) 7 /ni*' l  o f  n u i i r l ,
ИІоОПО^О.гяі-птГиІп,,;




ComPor t  ■* " * * :« | н | г т 0 ;
j  t t l i i lo  ( í  ( r o m P n i t  > - 3 · )  M f r n m P o r t  < T )  ) ( q n i t w O l )
f
i n t  a ;  
r . l r o r r O  ;
p r  i n t f  ( ' ' \ n \ n \ n \ n \ n  \ t \ t * í p r i a l  Pni  t  N-imlioi f o r  Готипщіг  nr  ion  w i t h  th o
Πηηητ>
ComPoi ^ ^^ (^ orr|ıní ) ;
i f  í  f a » | r n l r l * n  ) i » n )




v o i d  r h n c k . m o i i M o . m o t i n n O
(





d* ro i ( f l  . x . d x ;
r<*i(a.x.ax>OxOOOR: ///nnction ORh for топая
inl0O(HOUSR,»roi[(V.Rraga): // cx nnmhnr of тіскяуя movod horizontally







vo id  o x c l u d o . a l l O
(
nr l ia r  i i ;
foi(H-0:ll<in;ll··)
I n c l u d e . а г г а у Г П І ' О ;
>
//.............  ..............
w o ld  I n r l n d o . a l 1 О  
f
ıırhtir 11:
f o r ( l i - 0 : i m n ; i l · · )
In r in d o . a r i  avM l ) ” l :
>
//................................
v o i d  i n i o i r n p t  t l w .  i n t i . fiPPAROf!)
f
i f  ( c o u n t . 2 m p l - 4 2 / d f l  
c o n n t . 2 m a < ♦ ;  
o1 ИЙ
r o n n t . i m a ' O ;
}
//........................ - .............................................
void Initial ira. timO
{
oldfnnce.doB.uol.vnrr (Ox ІГ) ;
.doN.a«tvnr,t(Oxir,tlm Int) ;
ontp(control.woid,?d): //ronn»arO moda 3 tend wont aignifirant flrat






if f(rrr y. 200)— 0) 
f -
r.h«rk.inotia«i.niotlon();
«1*») ta.robot,r»(-1.0»(Holtax*inoiiRA .fiAnRlttvlt7 ))/1 0 .0 : 
Hoi t«.robot.y«(-1.0*(d*1 tny*monfi«.a«ni»ltl vlty))/10.0;
r obo t  .w·:. t  lnio‘' l 'rononM iinnO ;
J f  ( r o b o r . 1*1 .t-lmn<0) 
robot.*»! ,t liim*"127n7;
■R»im.robot .t lmo*"i?*iob'H . ol . t lni**)/ |ono.O;  / /  In pnconrln 
v.robot.w*»B. r«fnim..iobot. x/niim. robo t  , Hmo;
V. r o b o t . ni*»»s. v»*»iim.robot .v/oiiin. i o b o t . t i w " : 
ro b o t . r . r  I *;
«:»irrx»*«folta_robot.T; // In rm ii 
c.nrry*»fl·«] ta.robot.y;
if ((robot.walking) »» (TimoPaa«Ad(200,rb.tiiii«»,krb_Al_tiino))) 
{ // 600 mn
// waitB until acrol**ration curvo finiahod 
If (rnbot.r,r»«0) /♦ bAginn movin|i( from atop·/
aiim .Tobot .x»0;  
niim. ro b o t .  y*0;  
aiiin.. robot .t iraA»0;  
r o b o t . c r  *♦;
ro bo t .A t . t im o o P rA a n n tT im n O ;
>
a Ipa /*mAAa»irA VAlocity from i
in moving·/
{
r.iim robo t .X »"dal  t a . r o b o t . X ; 
ni im.robot_y*Adal ta . r o b o t . y ! 






g o t o x y ( 6 . 1 1 ) ;
p r i n t fC n o n O T  ( tnnmin 1- > X:7.r. 2f  Y:7.«-..7f «bota:7.«; .7f Vx; 7.6.2f
Vy : 7.6.7f  " . rn i  T X . r i i r r y  . n i r r . t b « t a , v. robot. .mAa.x . v . robot  .mna.y) ; 
RotoxvfK.17) :
pr i nt fCn onOT  (pioKiam)--> X-76 ?f  Y-7R.7f llonrt np*»Ail ;7.7d\n' ·. r . x  . 
r . V ,ho.id .apooH) : 
i  Rotoxy(6.  n ) :
i f  ( fhAnd.pon>-lf iO) »» fhA.id,poB<*17n)) 
p r i n t f C ’llEAD ; 7.d . 7 f \ n "  , n 7 0 - h A a d . p o a ) » l . 176·-1.0)  ;
Alan i f  ((IiABd. pon>^0) kk (hAad. poa<160)) 






i f  ( a t a r t a d )
{
a1 t ima-r .o i i nt .7m a-at t im a;  
aI t ima2 * Pr aa a n tT lm a () - at t i m a2 :
If  (a1tima<0) 
al t ima« -32 T67 ;
i f ( (A lt i m a> A 6 0 )k k ( d n ta . r ac aI v a d ))
(
k a y ' ’n ’ ; 







if ((firat.iilttrro]>dAlta.d1a) I I  (nArond.iilttrrn>dAlta.dla))
(
i f  ( ( (b an d. po a> "2 d0)  kk (baad.poa<".170)) II  ( (hAad.poa>»0) kk 
(hAad.pon<«B0)>) 








dniibla mABaiira d i f f f )
if (firnt.nlttrrOl>BArond,»iH tri l))
(












■ i alao i f  (Aoronfl 'll t tr f 11 > fi I A* .III trr (Pi)
(
d i f  f"((aAroi id 111 * *» |11 f i i "f ul* i » fn) ) »BpAAdofnoiintl)/7PPPO; 



























n.hnad.pon«(boad ρηπ·.ΐ?0) im nt.;
H n,b"«d.pnn*fn.lioA»l. pnn ’/  Л70) ¡
If (n.b«ad.po">.'í5!OÍ 
prlntf ("111«»»") :
















r*(np«ndofemindtf Iret.illtt? fol)/3OO00; 
no.nr-(k*dlff*renre*(inS.O/(r*0 0О.ЛМ)));
d l f fo r n n r o t f  nbnfdI f  f n ro n o ? ) :
r"fapnndofnot ind*nnrond. i il  t t r  [ Ц ) /ΪΙΟΟΟΟ;

















If (fohj,rlght·’··l) fob| Inftii'-O)) /»oblort gönn flom loft to right·/
' k-β;










n.h*ad.pon»'(haad.poB*.370) - k : 
n.hnad.роя·(n.hnad,роя X 170);






n .h nad .p on- (( hna d  p on ' к )  X .1701;
If (n.hnad.pna>170) 
p r l n t f ("hal в " ) :
Trannml t .data.rnqftr aiifiml t on1 y.nl trannn I r . n .hnad.pon) :
■‘)
//.......................... ........................  ■
void arfptirn.dataf)
f
Trannml* .dati ro-^ffr annml* only m I *.ranon|r .n b«ad роя);
)
//............................................. ............
volil t.i srV.obJectO I f  trackn th<» objart
Í
I f  ( d l f f .ρ ο · · ·1 )
(
I f  ( ( f l r i i t : ,u l t . t r tO l> n )  »ft («οι:οη«Ι.4ΐί·»·.ΓΓΐ1<»Ι"1ΐ··Λ.<Ι|*))
(
o b j . l a f f l  ;
o b jo c t .o n .la f  ·:() ;
)






півй i f  ( ( l t r f . .n n g » l )
(
I f  ( (n r n n .4 l t l : r í0 l< f lp l tñ , 'H R )  ftft (прго п»І.ч Іі;»гГ і1>^))
(
obj .1lghr-1: 
ob jB cr..on .rlgh t.() ;
}









//...........................................................  - ,
volrt lip,nr О
f // ир'Ілі.лп lio.i'l Ip iho пвпгпвг гілг.ч лп]«і1пІГ.Inn polnl;
If ((ІІРЯГІ pr.n>f?nn) ftft (ІіпАіі,рпп<7Рг;)) 
n.liPR'l .ροη-^ΠΠ;
PİRP If ( ОшлН .poR>"?P«) ft» (Ηη·ιΊ.ρηρ<.Ί|^)) 
η.ΙιθΛ(Ι.ρηπ·»70β:
PİRP If (Oipnrl,poR>*:il?) ftft Oinn«l. pOR<.1?n)) 
п.ЬрлгІ.роп»Я15:
P İ R ·  If ((ІІРЯІІ .р« іп>"ПІ »ft Oinnrl. pPR<n)  ) 
n.hnn«l.pnsB:il5¡
ЧІЯР If f (ІіпчМ ,pnn>-n) ftft (1ю1и1 _роя<7 <1 )) 
п.ІіРлН .рор»Я;
nlflp If (OiPBíl рпр>«71) ·> (ІіпяН.ррр<^0))
п.Ьрп'1.рпл^71 :
PİRP If (ІірчіІ ρηπ--<7П) 
η .hpR'I. ρηρι»317;
If (n.hpR»l poR>3 7 0 ) 
prinr.f (·Ίιρ·:β·') :
Тгяпршіі· ,«İ4f:a.rpq(f I яппті Г .n n ly .ii) r.r ярппі«: .іі.Ііяягі.роя) :
If fpbj.lpft:) 
f







volfi ııpdatP .to .n narputO  
Í
I f  ((hpp«l.poR>40)Aft (hpPd.pnH<*ieO))
Í
п.ІійяН. poR*dO;
ТгяпяіяІt.d n tP .rp q(trp n R R ilt.n n ly„iı1 ι·.ΓΡηοηΐΓ.,η.Ιΐρη*1.ρο·) :
}
P İRP  I f  ( f b » a d . p n n > i e O )  ftft (h n P d . p n R < * 7 n O ) )
f
η . Ι ΐ ρ ρ Η . ρ ο ρ · 2 Β 0 ;
ТгяпяіяіІ; .dat.H.rp<ı(trpnRnıi t .n r ı ly . ı ı l  trPRonIr. .n.hpftd.poı») ;
ı ı p . n r  O  :
)
//...................................... ..... ....
void Rl.por. r.ovpfdp. r.nrgp* роІппО
(
dnııblp th,Rr.»0;
İli th .In t-^O ;
'* I f  (l:P*gwl·. .y>riiM  у)
(
I f  (tPIgO*· .X>rl|| Mil
{
th.Rt.»n1;nní (r-ırgor. y- '‘ iırry)/(ı.argn t .ѵ -г ііі i x ) ) : 
t:h.R^*(^h.n^.* IOO.n)/M,PI ; 
til .рГрЧО.П-Мі.п·· :
>
I f  (tp rg p t.x ^ ''lir rx >
(
»Ιι,ρΐ:·ρίρη(ί«·ιιι I X I ягдрг.х) / (г.яг^ р». .v-niiry)) : 




p r l i i r f ("Тяг^р» pninr nxrnndnil \n " ) ;
РІЯР I f  (((hppd.poR>«0)ftft(hpRd .ρηρ<»·ΊΟ>) II f ihpnd.pon>*2PP) »ft 




fprlntffnbnfll·."Robot rotutoH ew ! y n  Hngro·· \n",th.lnt); 
fprlntf(obBfJlo."At robot.x;yB.?f robot.ytyB.2f robot.th«tii:yB.2f \n" 
riirrx,curry ,c»irr.tb«tii) ;
>





fprlntf(obafllo,"Robot rntwtod cc.m : y.'ld dogroonNn".th.lnt); 





v>H  m ovo.touardo.tnrgntpointO
<
dniiblo diot;
■ M B t» i«q rt(((tB rgo t,y -r.H rry)*(tu rb o t,y-cu rry)) » ((tu rR o t.x -c iirrx )*  
( t u r g o t .x - c n r r x ) ) ) :
w o v o .ro b o t ,f(d lB t) ;
// Btop robot linmorllnr.«1y
//................ ..................
* void nvnjd.roll InlnnO
lot t.x,f:_y;












ntop. robor. Immndl ntol v O  ; 
n v . m  »;
)











niBo if (obo.coming.from.right) 
rotnto.robot.rv(30);
olao i f  ( (poB.up.comp) ftl: (n v ,c c» v 2 ))  / /  mov· fo r unrd  20 cm
{
t. x»whBn»x();
t . y n v b n r o y O ; '
g o to x y (1 S ,2 ) ;
p r i n t f C  " ) ;
g o to x y ( 4 6 ,2 ) :
p r l n t f ( " H o v ln g  f o n m r d " ) ;
gotoxy(t.x.t.y);
m o v o . r o b o t . f (2 0 ) ;
Bv.cc*t;
)
oI bb I f  ( (poB.i ip .romp) ft* (n v . c c " * 3 ) )  / /  n tn n r  townrdB t s r g n t  p o i n t
f
t . x» t* h o r« x () ; 
t . y ' w h o r o y O ;
g o to * y ( 4 R ,2 ) ;
p r l n l f C  " ) ;
g o to x y ( 4 B ,2 ) ;





























// prtivloiitily detnctod obBturlo 




nbfitnrlA^dl f f .r.imn*rr«iiAntTlnin() -nbnt-.nrln.tliimr;
If (obnt.iir.lA_dlff.tlms<0) 
obRtwcln.dlff_tlmn*»32767;
obB.ol.tlmnwi^.O^obBticln.dlff,tlmo)/IOOn.O; // In nomndn
rlglit.«:nimt;«f ■•0: // oMint Im I H m I Ir.nHn
1 «f t.ronni;or»0;
nhn . rom I n n . f  r om. I I Rb»."0; 




p r l n t f C  ·'):
pгln^r("Πb^or· ; fmiii'i r y.«l", ' '.no)·
Hoi .oi ty(i :.x.i  y ) :
>
olnn
nou,oh|or.!.'!-0: I I  Ibid Id rho nnm« objorf
)
If (obd.ol.tlmd>2.0) _ //If grontor *;hnn 2 ii»condB
{
n«w.nbfdct*l; // rhifl In nnonhor objnct
f lltnr.CQiint«r>0; // ifJncn flltor nooHd Inltlnl Izntinn 
vdl .r,r.»0;











I f (nbd .r.oiiilng. f roip,r lglit-*0
prlnfff*' r.onlng from right"): 
did« If (ob·.coming,from.loft»·!) 
prlntfC coming from
flrdC.obiort.rO;
n h n tn r lo . t ln n ir " P i odOMt'T'InidO : I I  r iA t»  » lm "r iihon o b jo r r  loot, 
)
















prliitf C'SddrchIng obdtncl«"): 
goi-oxy(t.x,t.y):
>
If ((dt"*0) fpro.dt*»!)) // If nn obi«rt provlminly d«t«rt.«d
{




I f  f  »Idtd. I o r o l  voi l )
f




n.hdd»l.pnd"(0»dinl.pod · IP) 7. .320);
If (n.hd«d.pod>.320) 
printf("hntn");























pt f* 1; 
cci»»0;
>
) // «nil of If ccw··!
) // «nil of If dnto.rncolvorl
) // ond of olipo If obJorP dohncfod
niRO
r n f  -  FKF.«pdMo(.-nf) ; /♦ f lU.op ♦/
Ciirr«»nt_i;|iiini»H«l tn  . Mmo;
r»*por»;(rnf. r.nrrnnt  »•liiin); /*  mporr . trhuI p.r ♦ /
fpt Inr . f iobnf l l n . " \ o  X OR I'll */.4.21 f rm y,«*Ri’-/ .4.7) f r.m vx.RRH\ny./| ,7J f rm/R 
v y . o R tn y i . 2 l f  rm /R \n".o (rRf ->x  ." R t . 0 . 0 ) ,« i r « f - > x . R R t . 7 . 0 ) .
« (c o f- > x .R R t .1 .O ) , r t ( r B f - > x .« R t .3 ,0 ) ) :  
f p r i n c f  (obRfnR2."\nx.oRr>-y.4.21f  y . o R t - X l .21 f vx. rrk-XI ,21f
v y . A R r r 7 l . 7 1 f  \ n " . o ( r n f - > » . A R n . 0 . 0 )  . o ( r . R f - > x , i , R r . , 2 . 0 ) . R ( r i » f - > x . « R i ; . l  . 0 1 ,  
o ( c i i f - > x . R n t .  . 0 . 0 1 ) ;  
f p i l n t f i o b R n i A . - A n · ' ) :  
f  l l t . A r . r o n n t « r  I * :  

















f 11 tRr . .coimt»r*0:  
poR.op.eomp"!;
Rv.crrO;
col  1 lRlon,dot«ci ;od"0!
m l  I I t l o n .H s t o c t o d .C r O ;




t I m o . t o . f l l t « r » 0 ;
d o 1t R .r ob ot .x rO .O ; 
d o l t R . r o b o t . y » 0 . 0 ;
Rii«. r o b o t .  x»0 .0;
RORi. r o b o t .  y «0 .0;  
Ri in_ rob ot . t im« *0.0 ;
rb . t lm or O;
r b .o l . t lm R » 0 ;
ro bo t .« l . t lm R rO .O ;  
v , ro b o t .m « * .x " 0 .0 !
V. robot .m«R. y"0 ,0 :
Rtl -  0;







d i f f  pon»0: 
dl ff.ORU-O;




//dAtortlon of objort 
//provloiiR dRtor.tlon of ob|RCt
rARd.romportO;
RoRMtComfComPort, 30000, 6 ,  tnio, folRR. Fr Ir r , t n i · ,  2 ) ;
qiil t*0;















// targAl; point to go
// robnt'a x,y ηπΊ orlontatlon thotn
p,.nlart.porlod-7n¡
h.p.otart.porlo'l-n; // faotont h<*nd npnnrl
»olorlry_r.nrvo.poi loil-O*»; 
li. volorl tv.rurwo porlort-R'*:
nn. r opnr.l tionn.o· orr~<^: 
li.no.ToporJГ.ІОПЯ яГліГ»1;
no. ropot 1 Попя.пі np- I ; 
h.no. rnpnrlrlnnn ,Οΐ-ηρ-^Ι ;
Hol r.o. por lofl* ІП; 
h.Hol r.o.por ΙοΉ Iff ;




/* for во cm*/
























/* not яотя global poromntor· */
/* rill· of thumb to cover I org· error· <







printf("ERtlm«t«d proeono ñola· olgm·? '*); 
Rconf("Xlf'.ftpnol·«); 
clrocrO ;
/* open ROffiR file· */
If ((оЬяfllR«fopRn("tof.Hof,'*w'·))»"НШЛ.) 
printf("Unobl· to opon ill· for wrlt*\n'·):
printf("ИпоЫо 1 . 0 opon filo for wrlro\n*'):
If ((xf-fop«n("x..f 1 lo Hot","ν·'1)-··Μΐ.·Ι.Ι.) 
prinrf("Wnoblo to opon filo for wrlto\n"):
If (íyf-foponfy. filo.Hor"."w"))"-NIII.I.) 














roll ІЯ Ion. Ho I ο ιΤ ίοηΟ  : 
ovolH . '•ol 11я1оп(1 :
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